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AGE, CORRELATION, AND BIOSTRATIGRAPHY OE THE 
UPPER TOCUYO (SAN LORENZO) AND P0Z6N 
FORMATIONS, EASTERN FALCON, VENEZUELA 


Walter H. Blow 

The British Petroleum Company, Limited 

ABSTRACT 

H. H. Renz (1948) proposed a biostratigraphical subdivision of the Agua 
Salada group, eastern Falcon, Venezuela, based almost entirely on the occur¬ 
rence of benthonic Foraminifera. The present work critically re-examines this 
biostratigraphy in the light of new evidence from a detailed traverse along the 
Pozon-El Mene Road. The stratigraphical distribution of both benthonic 
and planktonic Foraminifera has been investigated. Evidence from this traverse 
shows that a direct correlation between the planktonic foraminiferal biozones 
used in Trinidad and the subdivisions of Renz can be achieved. Furthermore, 
whereas, in southern Trindad, Miocene sediments above the Globorotalia 
mcnardii Zone, Lengua formation are devoid of planktonic Foraminifera, 
corresponding sediments in eastern Falcon often contain abundant planktonic 
faunas. Investigations show that, using planktonic Foraminifera, a further 
subdivision of these higher sediments is possible. Three new biozones are 
proposed within these middle to upper Miocene sediments. 

Since the section in eastern Falcon is largely undisturbed by tectonic 
complications, a confirmation of H. M. Bolli’s (1950, 1957) planktonic zona- 
tion based on surface and subsurface sections within the Cipero-Lengua 
formations (southern Trinidad) is possible. Bolli’s biozones are shown to have 
more than local validity whereas the benthonic foraminiferal zonation of 
Renz is strongly influenced by ecological conditions. 

The age and a trans-Atlantic correlation of these eastern Falcon Miocene 
sediments is discussed in the light of evidence seen recently in Sicily and Malta. 

A number of evolutionary studies have been made within the Oligocene and 
Miocene Orbulinidae and Globorotaliidae, and five lineages have been dis¬ 
tinguished and are discussed. In some of these lineages, evolutionary changes 
appear to have occurred in a repetitive manner. The first occurrence and 
evolution of Globigcr'ina bulloides is discussed. Reference is also made to the 
evolution and first occurrence of the genus Orbulina d’Orbigny, whilst the 
wall structure and morphology of the genus Sphacroniinclla Cushman, 1927 is 
discussed in some detail. 

One hundred seventy-four species of benthonic Foraminifera (including 
two new species) and 72 species or subspecies of planktonic Foraminifera 
(including ten new forms) are described or discussed. 

The name Tocuyo is substituted for San Lorenzo, a term which is pre¬ 
occupied by the name San Lorenzo formation in California (Arnold, 1906). 
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I. INTRODUCTION 

PAST WORK 

In 1948, H. H. Renz made a detailed study of the ben- 
thonic Foraminifera of the Agua Salada group, District of Acosta, 
eastern Falcon, Venezuela, (Maps 1, 2). He erected a hiostrati- 
graphic term based almost entirely on the stratigraphic distribu¬ 
tion of these bottom-living forms. Renz, in his detailed study, also 
reviewed the biostratigraphical and lithostratigraphical studies of 
many earlier workers, notably Thomas (1924), Senn (1935), 
Cushman and Renz (1941), and Renz (1942). Much of the strati- 
graphical terminology used by these earlier workers has become 
obsolete and superseded by Renz’s (1948) detailed and compre¬ 
hensive work. 
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LEGEND : Area af map 2 
shaded thus WW/A 


MAP 2 . 

Sketch mop of the Eastern Falcon, Venezuela, Region 
Showing the geographical position of the 
POZON - EL MENE ROAD SECTION ( A - B ) 
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Renz (1948, p. 8) pointed out that the term “Agua Salada 
Group” first appeared in a paper published in 1937 (Wiedenmayer) 
although this term has been used as early as 1919 in private reports 
to oil companies by M. L. Thomas. 

The Agua Salada group has been divided on lithological 
grounds into two formations, i.e an older San Lorenzo formation 1 
(type locality at El Mene de Acosta) and a younger Pozbn forma¬ 
tion (type locality at Pozbn). Renz (1948 pp.S-27) also reviewed 
the lithology of these two formations (including work by J. C. 
Griffiths) and pointed out that the following lithological sub¬ 
divisions have been generally recognized by field geologists em¬ 
ployed by oil companies operating in the area: — 


Pozbn Formation 


San Lorenzo 
Formation 
(Tocuyo fm.) 


c n o 

u 

So 

< 


OJO DE AGUA FORMAT! 
Huso Clay member 
Husito Marly-Clay member 
Policarpio “Greensand” member 
Menicito Clay member 
El Salto Sand member > 


GUACIIARACA FORMATION 

Renz (1948, pp.38-76) erected the following biostratigraphical 
subdivisions for the San Lorenzo and Pozbn formations based al¬ 
most entirely on the occurrence of benthonic Foraminifera: — 

Robulus senni Zone 
Alar gin ulinop sis basispinosus Z< 

Valvulineria herricki Zone 
Globorotalia fohsi Zone 
Siphogenerina transversa Zone 
Robulus wallacei Zone 
“Uvigerinella” sparsicostata Zone (part)j ( I ocuyo fm.) 

G U A C H A RAC 11A FORM ATI O N 

1 See Appendix I, concerning the validity of this fonnational name and 
proposal of substitution of the name Tocuyo for San Lorenzo. 


>ne 


OJO DE AGUA FORMATION 


Pozbn Formation 


San Lorenzo Formation 
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The type section of the Pozon formation was chosen by Renz 
along the Loma Luca traverse (see Map 3) whilst the type section 
for the San Lorenzo formation was chosen at El Mene de Acosta. 



Renz (1948, pp.69-76) further subdivided his Robulus senni 
Zone into three “Zonules”: — 

Elphidium poeyanum-Reussella spinulosa Zonule, 

Textularia panamensis Zonule, 

Vaginulinopsis superbus-Trochammina cf. pacijica Zonule 
but pointed out that these zonules could be Recognized only in the 
Pozon area and not in the El Mene area to the east of Pozon (see 
Map 2). The relationship of Renz’s biostratigraphical subdivisions 
to the generally accepted lithological subdivisions is shown on the 
right-hand side of Chart 1 and on Map 4. 

Renz (1948, p.38 et seq.) considered the San Lorenzo formation 
to be of middle and upper Oligocene age whilst the Pozon formation 
was considered to range from upper Oligocene to Miocene (Tor- 
tonian) times. However, when assessing these ages ascribed by 
Renz, it is necessary to remember that Renz (1948, p. 26) placed 
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the Aquitanian in the Oligocene and considered the Miocene to 
commence with the Burdigalian stage. The present writer discusses 
these age relationships in some detail at a later stage in this study, 
but would state here that, following the recommendation of the 
U. S. Geological Survey, he regards the Aquitanian as basal Mio¬ 
cene. 


SCOPE OF THE PRESENT WORK AND MATERIAL 

Whereas in eastern Falcon the biostratigraphical subdivisions 
of the Agua Salada group were, previous to this study, made in 
terms of mainly benthonic Foraminifera (Senn, 1935; Cushman and 
Renz, 1941; Renz, 1948), in southern Trinidad the emphasis has 
been to use planktonic Foraminifera (mainly because of their abun¬ 
dance) for the zonation of the Cipero and Lengua formations 
(Cushman and Stainforth, 1945; Stainforth, 1948a; Bronnimann, 
1951; Bolli, 1950, 1951, 1957) so that a direct correlation between 
the areas was not possible previous to this study. 

It was suggested to the writer by Dr. H. G. Kugler and Dr. 
H. M. Bolli that an investigation of the planktonic Foraminifera of 
the Agua Salada group would permit a direct comparison to be 
made between the benthonic biostratigraphy of Renz and the 
planktonic biostratigraphy used in southern Trinidad. This investi¬ 
gation has now not only provided a confirmation of the succession 
of biozones recognized in Trinidad but has also shown that these 
planktonic biozones have more than local validity. The eastern 
Falcon succession (in contrast to the succession in southern Trini¬ 
dad) appears to be complete and not so much disturbed by pene- 
contemporaneous slumping and reworking of Foraminifera. Conse¬ 
quently, the present study has enabled some further refinements 
to be made to the planktonic biostratigraphy of the Caribbean 
Miocene. This study also emphasizes the value of planktonic Fora¬ 
minifera for long distance correlation of heterotopic sediments. 

This work is based on the faunal analysis (of both planktonic 
and benthonic Foraminifera) of over 700 closely spaced auger and 
pit samples collected by Dr. R. Muhlemann from a detailed tra¬ 
verse, along or off-set, from the north to south section of the 
Pozbn-El Mene Road between Caiman and Buena Vista (Maps 1, 
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2, 3 and 4). Map 4 shows in detail the positions of Muhlemann's 
samples which are, in general, equally spaced and follow consecu¬ 
tively between the u key” samples actually indicated. The geo¬ 
graphical relationship of this section as shown on Map 4 is given 
by reference to the letters “A” and “B” on Maps 2 and 3. 

This Pozon-El Mene Road section, which is about 2,000 
metres west of Renz’s Loma Luca section, extends from the upper 
part of the San Lorenzo (Tocuyo) formation through the Pozon 
formation into the overlying Ojo de Agua formation. Since this 
Pozon-El Mene Road traverse was sampled in detail and each 
sample collected at intervals of approximately five metres, it has 
been possible to make a close check on the ranges of the Foraminifera 
described in this paper. Also it has been possible to make some 
evolutionary studies for some groups of planktonic Foraminifera. 

In addition to the samples collected by R. Muhlemann from 
the Pozon-El Mene Road, the original samples used by Renz 
from the Loma Luca (Renz, 1948—Table No. 4) were available 
to the writer so that it was possible to note with precision the 
factors governing the position of Renz's various zonal boundaries. 
Furthermore, samples from the nearly completely cored Pozon Well 
3 and El Mene Wells 7 and 47 were also investigated. 

The writer (Blow, 1956) published a preliminary correlation 
between the two biostratigraphies, and Chart 1 shows this correla¬ 
tion in the light of further evidence. Map 4 shows in detail the re¬ 
lationship of the zonal boundaries of both types of biostratigraphies 
to each other and in conjunction with the sequence of samples 
studied along the Pozon-El Mene Road traverse. 

II. PLANKTONIC BIOSTRATIGRAPHY OF THE UPPER 
TOCUYO- AND POZON FORMATIONS 

Based on the stratigraphical occurrence of planktonic Foramini¬ 
fera the author has been able to recognize the following biostrati- 
graphical subdivisions of the upper part of the Tocuyo formation 
and the Pozon formation as seen in the detailed traverse along, 


2 Hereafter, Tocuyo, see Appendix, will be used in place of San Lorenzo 
formation. 
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Tocuyo should be substituted for San Lorenzo formation. 

(Note: No vertical scale implied and intervals represented diagrammatically.) 
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or off-set from, the Pozon-El Mene Road between Caiman and 
Buena Vista (see Maps 2, 3, and 4-points marked “A” and “B”): — 

10. Globigerina bulloides Zone 
9. Sphaeroidinella seminulina Zone 

8. Globorotalia menardii menardii/Globigerina nepenthes Zone 


7. 


Globorotalia mayeri 

Zone (s.l.) 


Gr. mayeri/G. nepenthes 

Subzone 

Gr. mayeri/Gr. lenguaensis 

Subzone 


6. Globorotalia fohsi robust a 

Zone 


5. 

4. 

3. 


Globorotalia fohsi l o bat a 

Zone 

Globorotalia fohsi fohsi 

Zone 

Globorotalia fohsi barisanensis 

Zone 


Colloquially 
referred to as the 
Globorotalia fohsi 
“Zone” (s.L) 


2 . 


Globigerinatella 


insueta 

Zone (s.l.) 


G. insueta/G. bispherica 

Subzone 

G. insueta-/G. triloba 

Subzone 


1. Catapsydrax stainforthi Zone 

The base of the Pozon formation (as represented by the base 
of the Policarpio “Greensand” member) occurs within the Globi¬ 
gerinatella insueta/Globigerinoides bisph erica Subzone. The zonal 
boundaries of the zones are defined on Map 4 and the direct cor¬ 
relation of these planktonic zones with Renz's (1948) benthonic 
zones is also given on the same Map. 

The planktonic zones and their associated subzones are dis¬ 
cussed below and the diagnostic faunal elements of each zone are 
briefly noted. The complete benthonic and planktonic foraminiferal 
content of each interval is summarized on Chart 2 and Chart 3 
respectively. 
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1. Catapsydrax stainjorthi Zone, Tocuvo formation (in part) 

This zone is defined by the limited occurrence together of Cat¬ 
apsydrax dissimilis (Cushman and Bermudez) and Globigerinatella 
insueta Cushman and Stainforth. Globoqitadrina rohri (Bolli) 
only occurs in the lower part of this interval. Catapsydrax unicavus 
Bolli, Loeblich, and Tappan does not range higher than the top of 
this zone and although Catapsydrax stainjorthi Bolli, Loeblich, and 
Tappan is not limited to this interval, it is a conspicuous member 
of the zone’s fauna. 

The base of this zone is not seen in the Pozon-El Mene Road 
traverse but, from evidence seen in the subsurface sections of 
Pozon Well 3 and YA Mene Wells 7 and 47, the lower boundary of 
the Rob ulus wallacei Zone (Renz, 1948, p. 45) still occurs within 
the co-existence of Catapsydrax dissimilis and Globigerinatella in¬ 
sueta so that the topmost part of Renz’s “Uvigertnella” sparsicos- 
tata Zone can be correlated with the basal part of this planktonic 
biozone. 

2. Globigerinatella insueta Zone ( s.l. ), Tocuyo formation (upper 

part) and Pozon formation (lower part) 

This zone spans the uppermost part of the Tocuyo formation 
and the basal part of the Pozon formation as seen in the Pozon 
area of eastern Falcon. 

The writer recognizes two subzones within this zone which are 
based on the evolution of Globigerinoides bispherica Todd (as 
emended by Blow, 1956, p. 62) from Globigerinoides triloba triloba 
(Reuss). The zone is distinguished by the presence of Globigerina¬ 
tella- insueta Cushman and Stainforth hut Catapsydrax dissimilis 
(Cushman and Bermudez) and Catapsydrax unicavus Bolli, Loeb¬ 
lich, and Tappan are absent. 

2a. Globigerinatella insueta/Globigerinoides triloba Subzone 

This subzone is separated from the overlying subzone by the 
absence of Globigerinoides bispherica. Catapsydrax stainjorthi oc¬ 
curs in this interval but does not range to the top of the subzone. 
Globigerinoides diminuta Bolli first occurs in the upper part of the 
interval but does not become common until the interval of the 
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overlying Globigerinatella insueta/Globigerinoides bispherica Sub¬ 
zone. Globigerinoides triloba triloba ( Reuss) is particularly com¬ 
mon in this interval. 

Robalus wallacei (Hedberg) becomes extinct in this interval 
and last occurs in Sample RM 19179 (see Map 4). 

2b. Globigerinatella insueta Globigerinoides bispherica Subzone 

Th is subzone is characterized by the occurrence together of 
Globigerinatella insueta and Globigerinoides bispherica. The evolu¬ 
tion of Orbulina and Biorbtdina from Globigerinoides bispherica via 
Porticulasphaera glomerosa (Blow) and Porticulasphaera transi- 
toria (Blow), respectively, occurs within the upper part of this 
subzone (Blow, 1956). 

Globigerinoides diminuta Bolli also characterizes this interval 
and, although it ranges from the uppermost part of the underlying 
subzone, it does not range into the overlying Globorotalia fohsi bari- 
sanensis Zone. Globorotalia menardii archeomenardii (Bolli) first 
appears within this subzone. 

Globorotalia Fohsi ‘‘Zone” ( s.l .), Pozon Formation (in Part) 

Before discussing the next four zones, which are based on the 
subspecies of Globorotalia fohsi, it is necessary to outline a short 
historical review of BollFs work (Bolli, 1950, 1957) with reference 
both to the various subspecies of the species and to their biostrati- 
graphical usage. 

Bolli (1950) recognized that certain other types of Globorotalia 
show evolutionary relationships to the form described by Cush¬ 
man and Ellisor (1939) as Globorotalia fohsi. Bolli established, 
by detailed study of continuous surface and subsurface sections in 
the Cipero formation of southern Trinidad, that there was a grada¬ 
tional sequence extending from a form recorded by LeRoy (1939) 
as Globorotalia barisanensis to a form described by Bermudez 
(1949) as Globorotalia lobata. Bolli (1950) considered these two 
latter types as subspecies of the “central type" Globorotalia fohsi; 
at the same time Bolli also recognized that the evolutionary trend 
continued beyond the subspecies “ lobata ” and distinguished a 
fourth and final subspecies as Globorotalia fohsi robusta. These 
phylogenetic studies were adopted by other authors (Bronnimann, 
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1951a) who used the occurrence of these various subspecies to de¬ 
fine subzones of the Globorotalia fohsi Zone. Later (Bolli, 1957), 
these subzones were afforded the biostratigraphical rank of zones. 
The present writer agrees with this later view since it has become 
established that the intervals in question can be recognized not only 
in various parts of Trinidad but also in eastern Falcon, further¬ 
more, since the zonation is based on a well-defined evolutionary 
sequence, biological principles suggest that the zonal boundaries 
should be isochronous within the limits imposed by the rates of 
faunal migration and genetic interchange. 

The term Globorotalia fohsi “Zone” (s.l.) is retained in the 
present work purely as a convenience when discussing the range 
of some of the Foraminifera. 

3. Globorotalia fohsi barisanensis Zone, Pozdn formation (in part) 

This zone is distinguished by the presence of Globorotalia fohsi 

barisanensis (LeRoy), Orbnlina svturalis Bronnimann, Orbulina 
universa d'Orbigny, and Biorbulina bilobata ( d’Orbigny) combined 
with the absence of Globigerinatella insueta Cushman and Stain- 
forth. Globigerinoides bispherica Todd persists only into the ex¬ 
treme basal part of the zone. Below this zone, and within the 
underlying Globigerinatella insueta Zone (s.l .), Globorotalia fohsi 
barisanensis is small and with a generally rather lobulate periphery 
with fairly well-incised sutures. However, in this zone, Globorotalia 
fohsi barisanensis has less deeply incised sutures and the periphery 
is practically nonlobulate. Furthermore, the ventral side shows 
a tendency to be rather more definitely vaulted than in the earlier 
forms of the subspecies. 

Globorotalia scitula scitula ( Brady) appears for the first time 
in the uppermost part of this zone. 

4. Globorotalia fohsi fohsi Zone, Pozdn formation (in part) 

This zone is characterized by the presence of Globorotalia 
fohsi fohsi Cushman and Ellisor and Globorotalia menardii prae- 
menardii (Cushman and Stainforth). Globorotalia scitula gigantea 
Blow, subsp. now appears in the upper part of this interval for 
the first time. 

Siphogenerina transversa Cushman becomes extinct at about 
the middle part of this interval (Sample No. RM 19376—see Map 
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4) whilst Valvulineria herricki (Hadley) first appears in its upper¬ 
most part (Sample No. RM 19381). 

H. H. Renz (1948) recognized a “ Glob or ot alia fohsi Zone 5 ' 
between his Siphogenerina transversa and Valvulineria herricki 
Zones and reference to the sample originally used by Renz (see 
Renz. 1948, Table No. 4-samples filed in the collections of 
Texaco Trinidad Inc., Pointe-a-Pierre) showed that the samples 
referred to by him as his “Globo rot alia fohsi Zone” contain forms 
referable to the subspecies Globorotalia fohsi fohsi Cushman and 
Ellisor and Globorotalia fohsi lobata (Bermudez). Hence it ap¬ 
pears that the “ Globorotalia fohsi Zone” of H. H. Renz is equiva¬ 
lent to part of the Globorotalia, fohsi fohsi and the Globorotalia 
fohsi lobata Zones as used by Bolli (1957) and the present writer. 

5. Globorotalia fohsi lobata Zone, Pozon formation (in part) 

This zone is characterized by the presence of Globorotalia 

fohsi lobata and Globorotalia menardii praemenardii. Globorotalia 
sdtula gigantea Blow, subsp. now is also present whilst Globigerina 
bulbosa LeRoy and Sphaeroidinella seminulina kochi (Caudri) ap¬ 
pear for the first time within this zone. 

6. Globorotalia fohsi robusta Zone, Pozon formation (in part) 

This zone is distinguished by the presence of Globorotalia fohsi 

robusta Bolli. Globorotalia menardii menardii (d’Orbigny) develops 
from Globorotalia menardii praemenardii (Cushman and Stain- 
forth) in the middle part of this interval, and Sphaeroidinella de¬ 
hisce as subdehiscens Blow, subsp. nov. occurs for the first time in 
the uppermost part of this zone. Sphaeroidinella seminulina kochi 
(Caudri) becomes fairly common in this zone. 

7. Globorotalia mayeri Zone {s.l. ), Pozon formation (in part) 
This zone is characterized by the continuing presence of Glob¬ 
orotalia■ mayeri Cushman and Ellisor after the extinction of Glob¬ 
orotalia fohsi robusta. Globoquadrina altispira globosa Bolli re¬ 
appears from the base of the interval and although Globorotalia 
lenguaensis Bolli first appears in the topmost part of the underly¬ 
ing interval it only forms a significant component of the fauna in 
this zone. 
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T he writer recognizes two subzones within this interval in 
eastern Falcon: 

7a. Globorotalia mayeri Globorotalia lenguacnsis Subzone 

This subzone is characterized by the co-existence of Globoro¬ 
talia mayeri and Globorotalia lenguaensis combined with the ab¬ 
sence of both Globorotalia fohsi robusta and Globigerina nepenthes 
Todd. Globigerinoides bollix Blow, sp. nov. first occurs at the base 
of the subzone. 

7b. Globorotalia mayeri Globigerina nepenthes Subzone 

T his subzone is characterized by the co-existence of Globoro¬ 
talia mayeri and Globigerina nepenthes. Globigerinoides bollii and 
Sphaeroidinella dehiscens subdehiscens both become common within 
this interval. 

Marginulinopsis basispinosus (Cushman and Renz) first oc¬ 
curs in sample RM 19671 within this interval (see Map 4). 

8. Globorotalia menardii menardii Globigerina nepenthes Zone, 

Pozon formation (in part) 

This zone is distinguished by the continuation of Globigerina 
nepenthes Todd after the extinction of Globorotalia mayeri Cush¬ 
man and Ellisor. Globorotalia menardii menardii is often abundant 
and typical. Globorotalia acostaensis Blow, sp. nov. occurs for the 
first time within this zone whilst Globigerina bulloides d’Orbigny 
develops from Globigerina praebulloides Blow', sp. nov. in the mid¬ 
dle part of this interval. 

Occasional specimens of Globigerina apertura Cushman have 
also been observed in the upper part of this zone. I ransitional forms 
to Globorotalia menardii miocenica Palmer also appear at the top 
of this zone. 

9. Sphaeroidinella seminulina Zone, Pozon formation (in part) 

i his zone is marked by the continuing presence of both sub¬ 
species of Sphaeroidinella seminulina, i.e., Sphaeroidinella semi¬ 
nulina seminulina (Schwager) and Sphaeroidinella seminulina kochi 
(Caudri), but it is highly likely that the latter subspecies becomes 
extinct before the former. 

Although the possibility exists that the upper limit of this 
zone is influenced to some extent by facies change, evidence seen 
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in two subsurface sections on the Island of Cubagua (see Map 1) 
also shows the same extinction of both subspecies of Sphaeroidinella 
seminulina within similar planktonic assemblages as seen in this 
Pozon-EI Mene Road section. Also, in the Cubagua subsurface sec¬ 
tions there is no apparent change of facies. 

10. Globigerina bulloides Zone, Pozon formation (in part) 

Following the disappearance of Sphaeroidinella seminulina 
(Schwager) there is no further change in the composition of the 
planktonic faunas which tend to become rather impoverished in 
the section under consideration. However, some isolated samples 
show fairly rich planktonic assemblages which contain typical 
specimens of Globorotalia menardii menardii, Globigerina bulloides , 
Orbulina universa, Globigerinoides triloba immatura , and Globi- 
gerinoides bollii amongst others. 

Occasional specimens of Sphaeroidinella dehisce ns subdehiscens 
occur, but no specimens of the Sphaeroidinella seminulina group 
have been observed. 

1 he designation of this interval must be regarded as only 
provisional since Globigerina bulloides continues to the present 
time. Investigations of uppermost Miocene/Pliocene planktonic as¬ 
semblages from other areas might show that another planktonic 
species with a more rigorously defined biostratigraphical occur¬ 
rence may prove to be a better zonal index. 

IIJ. FACIES VARIATION IN THE UPPER TOCUYO 
AND POZON FORMATIONS 

There are some differences in the stratigraphical distribution of 
benthonic Foraminifera as recorded by H. H. Renz (1948) from 
his Loma Luca section and that noted by the writer in the study 
of the Pozon-EI Mene Road traverse. Most of these discrepancies 
in the Tocuyo and lower part of the Pozon formation do not ap¬ 
pear to be of importance from the point of view of biostratigraphi¬ 
cal interpretation. These minor variations in stratigraphical distri¬ 
bution are noted under “Occurrence” in the relevant parts of the 
Systematic Record associated with this work. However, in the 
upper part of the Pozon formation these discrepancies do become 
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important. Thus the writer has noted the occurrence together of 
Marginulinopsis basispinosvs (Cushman and Renz) with Valvuli¬ 
neria herricki ( Hadley) which was not recorded by Renz. Also, 
the occurrence of Valvulineria herricki is often only sporadic and 
seems to occur only under apparently limited ecological conditions. 
In general, it is often necessary to examine a number of samples 
from either a section or locality to decide, unambiguously, their 
position in the biostratigraphy of Renz. This is especially so in the 
upper part of the Pozon formation where the evidence suggests 
an approach to rhythmic or cyclic conditions of deposition. 

Before discussing some of these effects of variation of environ¬ 
ment on the stratigraphical distribution of benthonic Foraminifera 
it is useful to review the general conclusions drawn by Renz for 
the depositional conditions of the Tocuyo and Pozon formations. 
These conclusions are summarized below and show that there is 
an overall and generalized trend towards shallow-water conditions 
in the upper part of the Pozon formation. 


Zone (Renz, 1948) 


Robulus wallacei Zone 
(at El Mene) 


Siphogenerina transversa 
Zone 

(at El Mene) 


Normal marine, open sea, deposi¬ 
tion at medium depth (200-600 
metres) along a continental shelf 
in tropical latitudes. 

Normal marine, open sea, deposi¬ 
tion at medium depth (200-600 
metres) along a continental shelf 
in tropical latitudes. 


Globorotalia fohsi Zone 
(of Renz, 1948, at Pozon) 


Normal marine, open sea, deposi¬ 
tion at medium depth (200-600 
metres) along a continental shelf in 
tropical latitudes. 


Valvulineria herricki Zone Normal marine, open sea, deposi- 
(at Pozon) tion at medium depth (200-600 

metres) along a continental shelf in 
tropical latitudes. 
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Ma rgin ulin opsis basispin osus 
Zone 

(at Pozon) 

Normal marine, open sea, deposi¬ 
tion at medium depth (200-600 
metres) along a continental shelf in 
tropical latitudes. 

Robnlus senni Zone 
(at Pozon) 

Normal marine environment at a 
shallow depth (littoral-neritic) of 
about 100 metres in tropical lati¬ 
tudes. 

Vaginulinopsis superbus - 
Trochammina cf. pacifica 
Zonule 
(at Pozon) 

Normal marine environment at a 
shallow depth (littoral-neritic) of 
about 100 metres in tropical lati¬ 
tudes. 

T extularia panamensis Zonule 
(at Pozon) 

Normal marine environment at 
shallow depths (neritic) of about 
50 metres near a tropical coast. 

FAphidium poeyanum- 
Reussella spinulosa 

Zonule 
(at Pozon) 

Marine to brackish water lagoonal 
condition with very shallow, warm 
water conditions. 


(Note: For the equivalence of the planktonic zones to those of 
Renz—see Chart 1 and Map 4). 

The environmental conditions of the Robulits zvallacei Zone 
and the Siphogenerina transversa Zone as seen in the Pozon-El 
Mene Road section at Pozon do not appear to be significantly dif¬ 
ferent from the conditions seen at El Mene and as summarized 
above. However, a noteworthy feature of these zones in the Pozon 
area is the occurrence of intervals with assemblages of mainly large 
agglutinated species often with complex wall and chamber struc¬ 
tures, such as: Cyclammina cancellata Brady, Alveovalwlinella 
pozonensis (Cushman and Renz), Gravellina narivoensis Bronni- 
mann, Valvulina {lexis Cushman and Renz, Alveolophragimum spp., 
and robust species of Jlaplophrogmoides. These assemblages are 
similar to the assemblages of the Nariva formation of southern 
Trinidad; but whereas the Nariva formation extends from the 
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Globorotalia kugleri Zone through the Catapsydrax dissimilis Zone 
and into the Catapsydrax stainforthi Zone, in eastern Falcon the 
similar assemblages extend stratigraphically higher into the Globi- 
gerinatella in-suet a Zone (s.L). Stainforth (1948a, 1952a) considered 
these assemblages of agglutinated species to indicate a turbid 
water environment and Kugler ( 1953) related this turbid environ¬ 
ment to the occurrence of turbidity flows in a subsiding trough. 
These assemblages of agglutinated forms from the Catapsydrax 
stainforthi Zone and the Globigerinatella insueta Zone {s.L). 
Tocuyo and Pozon formations, occur several times and are sep¬ 
arated by assemblages of calcareous forms, often with abundant 
planktonics, suggestive of a depositional depth between 200 and 
600 metres. The writer considers that these assemblages of robust 
and complex agglutinated species represent periods of localized 
deepening and downwarping with minor turbidity flows giving rise 
to temporary turbid conditions. This view is supported by obser¬ 
vations of Lowman (1949) who pointed out that certain aggluti¬ 
nated species (including Cy clam min a) have an optimum depth 
occurrence of about 1400 metres in the Gulf of Mexico at the 
present day. 

Above the Marginulinopsis basispinosus Zone, Pozon forma¬ 
tion ( i.e., above the Globorotalia menardii m-enardii/Globigerina 
nepenthes Zone) and within the intervals of the Rob ulus senni Zone 
and the Vaginulinopsis superbus-T rochammina cf. pacifica Zonule 
as well as in the Textularia panamensis Zonule there occur frequent 
repetitions of faunal assemblages in the Pozon-El Mene Road 
section. 

In the Robidus senni Zone and in the Vaginulinopsis superbus- 
Trochammina cf. pacifica Zonule these repetitions consist of inter¬ 
vals with Uvigerina isidroensis Cushman and Renz, Bolivia a im - 
porcata Cushman and Renz and Bolivina simplex Cushman and 
Renz, alternating with the “normal” zonal assemblages containing 
Robidus senni Cushman and Renz, Vaginulinopsis superbus (Cush¬ 
man and Renz), Cassidulina subglobosus Brady, Cibicides spp., 
Globigerina spp., and Globorotalia spp. 

In the Textularia panamensis Zonule a three-fold repetition 
occurs. Assemblages with Eponides parantillarum Galloway and 
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Heminway, Nonion mcisus (Cushman), Cancris sagra (d'Orbigny), 
Cibicides americanus (Cushman), Globigerina spp., and Globorotalia 
spp. are followed by assemblages with Uvigerina isidroensis Cush¬ 
man and Renz, Bolivina imporcata Cushman and Renz, and Bolivina 
simplex Cushman and Renz. This last assemblage is followed in 
turn by a mainly ‘'arenaceous” assemblage with Textularia pana- 
mensis Cushman, Textularia pozonensis Cushman and Renz, and 
thin-walled T rochammina spp. It is considered that the Uvigerina 
isidroensis- Bolivina impor cat a-Bolivina simplex assemblage repre¬ 
sents an environment shallower than that represented by the as¬ 
semblage with the Eponides-Cancris-Gibicides-Globigerina-Globoro- 
talia fauna, but deeper than environment represented by the mainly 
“arenaceous’' assemblage with Textularia pa n a me nsis-T extularia po- 
zonensis-Trochammina spp. 

It is because of this repetition of faunal assemblages that no 
clear distinction can be made between the Robulus senni Zone and 
the Vaginulinopsis superbus-Trochammina cf. pacifica Zonule in the 
Pozdn-iEl Mene Road section. 

A further point concerning the composition of the faunas 
throughout the upper Tocuyo and Pozon formations which needs 
clarification is the proportion of planktonic specimens to ben- 
thomc specimens present in each of the zones. Renz (1948) 
analysed the faunal composition of each of his zones by calculating 
the percentage of each foraminiferal family in the assemblage. This 
method of analysis depends on the number of species recognized in 
each genus belonging to the family and, since Renz recognized 
only a few planktonic species, the Orbulinidae and Globorotaliidae 
were, in general, underestimated. 

The writer made a count of the number of planktonic and 
benthonic specimens occuring in representative samples from each 
zone. The results of this count and Renz's percentages of planktonic 
families are compared in the following table (Table 1): — 


Approx. % of 

% of Planktonic Count of Count of Ratio Planktonic 

Zone Families Planktonic Benthonic P:B Specimens in 

(Renz, 1948) Specimens Specimens (Approx.) Fauna 
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Stainforth (1948a, p. 1320) made counts of planktonic and ben- 
thonic specimens for the Cipero formation of southern Trinidad 
and gave the following results: — 

Zone II ( Globigerinatella insueta Zone) 

2,197 pelagic to 37 benthonic specimens (59:1). 

Zone III ( Globorotalia fohsi Zone) 

2,984 pelagic to 119 benthonic specimens (25:1). 
Stainforth (1948a. p. 1323) also gave the following percentages 
(no. of species and varieties as percentages of the Cipero fauna) 
Globigerinidae 4.7% (= Orbulinidae of this work) 
Globorotaliidae 1.6% 

but pointed out that these two families form more than 90% of the 
fauna in number of specimens within the Cipero formation. 

Although the Cipero and Tocuyo/Pozon formations cannot be 
considered as having been deposited under similar conditions, the 
figures summarized above show that planktonic specimens are 
present both in sufficient numbers and variety in the sediments 
of the Tocuyo and Pozon formations to enable a correlation with 
the Cipero and Lengua formations of southern Trinidad to be made. 

IV. CORRELATION OF THE UPPER TOCUYO AND POZON 
FORMATIONS (EASTERN FALCON) WITH THE 
SOUTHERN TRINIDAD SUCCESSION 

Cushman and Stainforth (1945), Stainforth (1948a), Bron- 
nimann (1951), Suter (1951), Kugler (1953, 1954), Bolli (1950, 
1951, 1957), and Higgins (1955), amongst other authors, have 
discussed various aspects of the stratigraphy of the post-Eocene 
deposits in southern Trinidad. The results of their studies is given 
in a generalized and diagrammatic form on the left-hand side of 
Chart 1 for sediments above the level of the Catapsydrax dissimilis 
Zone. The right-hand side of this same chart shows the 1 ithostrati- 
graphy and benthonic biostratigraphy of H. H. Renz (1948) to¬ 
gether with the planktonic biostratigraphy for the upper part of 
the Tocuyo and Pozon formations. The correlation between the 
two areas can be regarded as being firmly established, for the sedi¬ 
ments of the two areas, between the Catapsydrax stainforthi Zone 
and the top of the Globorotalia rruiyeri Zone (s.L). 
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1 he Tocuyo and Pozdn formations appear to have been de¬ 
posited under conditions of lower tectonic intensity as compared 
with the depositional conditions which seem to have operated in the 
area of southern Trinidad at this time. Both Kugler (1953) and 
Bolli (1957) refer to evidence within the upper Cipcro formation 
and Lengua formation which suggests that penccontemporaneous 
large-scale slumping and turbidity flows occurred during the depo¬ 
sition ot these formations, indicating tectonic movements of high 
intensity. These features, which relate to an environment of high 
tectonic intensity, appear to he absent in the Tocuyo and Pozdn 
formations. The lithofacies and biofacics of these latter formations 
suggest deposition over a continental shelflike area which was, in 
general, fairly stable. 

Because the Tocuyo and Pozon formations were deposited 
under fairly stable conditions and have subsequently not been 
much disturbed by post-depositional tectonics, it has been possible 
to add some further refinements to the planktonic biostratigraphy 
proposed by Bolli (1957) for southern Trinidad. Furthermore, 
whereas in southern Trinidad the mainly planktonic foraminiferal 
faunas of the Lengua formation are replaced upwards by the mainly 
agglutinated foraminiferal faunas of the Cruse and Forest forma¬ 
tions, in eastern Falcon and the Pozdn formation continues with an 
abundant planktonic component to a much higher stratigraphical 
level. This has lead to the necessity of redefining the Globorotalia 
menardii menardii Zone as used by Bolli (1957) and earlier workers. 
In southern Trinidad, the upper limit of the Globorotalia menardii 
menardii Zone has been taken at the change of biofacies to mainly 
agglutinated faunas. It has long been recognized by workers in 
Trinidad that the upper surface of this Globorotalia menardii men¬ 
ardii Zone is diachronous since there is known to be an interdigita- 
tion and transition between the Lengua formation and the lower 
part of the overlying Cruse formation. Because of these factors, 
the writer uses the partial occurrence of Globigerina nepenthes 
Todd above the extinction of Globorotalia mayeri Cushman and 
Ellisor to define a new interval, part of which is equivalent to the 
Globorotalia menardii menardii Zone of southern Trinidad. However, 
because of the well-established usage of the term “ Globorotalia 
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menardii menardii” the zone is designated the Globorotalia menardii 
menardii/Globigerina nepenthes Zone. It is worthy of note that the 
Lengua/lower Cruse transition beds (Bolli, 1951; Kugler, 1953) 
also contain Globigerina nepenthes (Bolh, 1957). The writer has 
also observed this species in occasional “streaks” of calcareous 
faunas seen in subsurface sections of the middle to upper Cruse 
formation in the Barrackpore area of southern Trinidad, but has 
not observed Globigerina nepenthes in some calcareous faunas as¬ 
sociated with the lower Forest Clay (Guapo beds—Suter, 1951 = 
base of the Forest formation, southern Trinidad). Hence, it is 
tentatively suggested that the major part of the Cruse formation 
lies within the Globorotalia menardii menardii Globigerina nepen¬ 
thes Zone as defined from the Pozon formation. The writer lias 
observed Sphaeroidinella seminulina seminidina (Schwager) in the 
calcareous facies of the lower Forest Clay of southern I rimdad 
and it seems likely that part, at least, of the Forest formation can 
be correlated with the interval ascribed to the Sphaeroidinella 
semimdina Zone as defined in the Pozon formation. 

It is emphasized, however, that a correlation between southern 
Trinidad and eastern Falcon, above the level of the Lengua forma¬ 
tion, must still remain tentative owing to the lack of adequate 
planktonic faunas in the Cruse and Forest formations. 

Below the top of the Globorotalia mayeri Zone ( s.l .) the cor¬ 
relation between the two areas may be regarded as well established, 
although the subdivision of the Globorotalia mayeri Zone {s.l.) has 
not been recognized in Trinidad. It appears likely that a large part 
of the Globorotalia mayeri, Globorotalia lenguaensis Subzone is 
missing in southern Trinidad, although it is noteworthy that Bolli 
(1957, fig. 18), showed Globigerina nepenthes as first appearing 
slightly above the base of his Globorotalia mayeri Zone in the 
Lengua formation. The Globorotalia mayeri Globorotalia len-guaen- 
sis Subzone may however be represented either in the mainly non- 
planktonic foraminiferal assemblages of the Karamat formation, or 
by the heterogenous assemblages of the Rio Claro Boulder bed 
(Suter, 1951; Kugler, 1953). An unconformity or disconformity is 
known to be present between the Cipero and Lengua formations in 
some areas of southern Trinidad (Kugler, 1953). 
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Bolli (1957, p. 101) pointed out that the previous study of 
the present w riter ( Blow, 1956) regarding the first occurrence of 
Globigerinoides bispherica within the Globigerinatella insueta Zone 
(s.L) would permit a further subdivision of this zone. This sub¬ 
division is formally proposed in the present work and tw T o subzones 
are proposed within the Globigerinatella insueta Zone (s.L) in 
eastern Falcon. As Bolli (1957) implied, the Globigerinatella in¬ 
sueta Globigerinoides triloba Subzone and Globigerinatella insueta/ 
Globigerinoides bispherica Subzone can be recognized in southern 
Trinidad. 

V. TENTATIVE CORRELATION OF THE LOWER TOCUYO 
AND GUACHARACA FORMATIONS (EASTERN FALCON) 
WITH THE SOUTHERN TRINIDAD SUCCESSION 

Although this work is based essentially on the samples collected 
by R. Muhlemann from the Pozon-El Mene Road traverse, and 
the main object of the study has been to achieve a correlation of 
the upper part of the Tocuyo formation and the Pozdn formation 
with their equivalent sediments in southern Trinidad, other samples 
from the subsurface sections of Pozon Well No. 3 and El Mene 
Wells No. 7 and 47 ( see Map 3) were also studied. These subsurface 
sections penetrate the lower part of the Tocuyo formation and 
most of the Guacharaca formation. 

It appears that the upper part of the “Uvigerinella” sparsico - 
stata Zone belonging to the lower part of the Tocuyo forma¬ 
tion (Renz, 1948, p.30) can be correlated with the basal part of 
the Gatapsydrax stainforthi Zone and the Gatapsydrax dissimilis 
Zone. The lower part of the “ Uvigerinella” sparsicostata Zone be¬ 
longing to the upper part of the Guacharaca formation probably 
correlates with the Globorotalia kugleri Zone (Bolli, 1957). Finally, 
the middle and lower parts of the Guacharaca formation appear 
to be equivalent to the Globigerina ciperoe?isis ciperoensis Zone, 
Globorotalia opima opima Zone and the Globigerina ampliapertura 
Zone as established by Bolli for the lower part of the Cipero forma¬ 
tion of southern Trinidad (see Chart 4). 
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CHARI' 4. Provisional Correlation of the lower Part of the Tocuyo 
and Guacharaca Formations. 


PLANKTONIC BIOZONES (Bolli 1957) 

(As established for the L.Cipero Formation) 


FORMATIONS 
E. FALCON 


Catapsydrax dissini lis Zone 


Globorotalia kugleri Zone 






Globigerina ciperoensis ciperoensis Zone 


Globorotalia opina opina Zone 


Globigerina anpliapertura Zone 


CERRO MISION 


Tocuyo should be substituted for San Lorenzo formation 













92 


Bulletin 178 


VI. AGE OF THE GUACHARACA. TOCUYO, AND 
POZoN FORMATIONS 

Renz (1948, pp. 50-55) considered his Siphogenerina transversa 
Zone to extend from the upper Chattian to the lower Aquitanian. 
Both these stages were ascribed to the upper Oligocene so that the 
boundary between the Tocuyo and Pozon formations was considered 
to occur within the upper Oligocene. Recent work by Fames (1953), 
Drooger ( 1956), Eames and Clarke (1957), and the present writer 
(Blow, 1957) has shown that the ages ascribed by Renz need some 
modification. 

Fames and Clarke ( 1957) and Blow ( 1957) have pointed out 
that Orbnlina appears for the first time in the uppermost Aquitanian 
in various parts of the world including the Fast African and Medi¬ 
terranean regions, whilst the first occurrence of this form has also 
been shown to occur in the upper part of the Globigerinatella insu - 
eta Globigerinoides bispherica Subzone in both southern Trinidad 
and eastern Falcon (Blow, 1956). Blow (1957) also pointed out 
that the planktonic faunas seen in the Aquitanian and Burdigalian 
of Sicily and Malta can be matched in Trinidad and Venezuela 
and he has correlated the Burdigalian/Aquitanian boundary as seen 
in Sicily and Malta with the boundary between the Globorotalia. 
fohsi barisanensis Zone and the Globigerinatella in-suet a Zone (s.l.) 
of the Caribbean region. Blow (1957) also reviewed evidence given 
by Ruscelli (1956) from the Rio Mainia section in Italy and ten¬ 
tatively correlated the 1 lelvetian/Burdigalian boundary with the 
boundary between the Globorotalia menardii menardii/Globigerina 
nepenthes Zone and the Globorotalia mayeri Zone (s.L). This 
correlation was based essentially on the record by Ruscelli of Glo¬ 
borotalia mayeri in the Burdigalian and its absence in the Helvetian 
of the Rio Mainia section. 

However, Ruscelli (1953, p. 165) recorded Globorotalia mayeri 
Cushman and i llisor in the Helvetian of Rio Mazzapiedi-Castel- 
lama in Italy where it occurs with Globorotalia menardii menardii. 
The writer also notes that Ruscelli (1956) did not record this latter 
sepcies from the Burdigalian of the Rio Mainia, and he, therefore, 
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now tentatively places the Helvetian/Burdigalian boundary at the 
top of the Globorotalia fohsi robusta Zone in the Caribbean (see 
Chart 1), since Globorotalia menardii menardii (d’Orbigny) first 
appears only in the upper part of this interval. 

1 he writer has not observed Globorotalia mayeri in the Tor- 
tonian of Sicily, but has observed Globorotalia acostaensis Blow sp. 
nov. commonly in this interval. Since Globorotalia acostaensis 
shows some resemblance to Globorotalia mayeri , it is possible that 
records of the latter species in the Tortonian (i.e., Giannotti, 1953) 
may be incorrect and possibly referable to Globorotalia acostaensis . 

I he writer now points out that the origin and first occurrence 
of Globorotalia acostaensis is above the extinction of Globorotalia 
mayeri , in sediments now regarded by the writer as being equivalent 
to the Vindobonian. 

Furthermore, Globigerina bidloides d’Orbigny, as distinct from 
Globigerina praebidloides Blow, sp. nov., has only been seen in Tor¬ 
tonian strata in Sicily, not in earlier Miocene stages. In this study 
it is also pointed out that Globigerina bidloides develops from Glo¬ 
bigerina praebulloides in the middle part of the Globorotalia men¬ 
ardii menardii/Globigerina nepenthes Zone in eastern Falcon. Again 
the writer has observed Sphaeroidinella seminulina seminidina 
(Schwager) and Sphaeroidinella dehiscens subdchiscens Blow, sub- 
sp. nov. in the Iortonian of Sicily, but has not observed Globigerina 
nepenthes Todd in this interval. 

Finally, Blow (1957) pointed out that Globigerina ciperoensis 
ciperoensis Bolh has been found in Sicily within the lower part of 
the Aquitaman as defined by the occurrence together of Miogypsina 
globulina (Michelotti) ( = Miogypsina irregularis (Michelotti)— 
an invalid name, ( fide Dr. F. E. Fames) and Miogypsinella [ Mio- 
gypsinoides ] complanata (Schlumberger), and he regarded at least 
part of the Globigerina ciperoensis ciperoensis Zone of the Caribbean 
as belonging to the Aquitanian which, in agreement with Fames 
(1953), is here considered to be lower Miocene. 

Hence, based on the conclusions of Fames and Clarke (1957) 
and the writer's studies, it is considered that the Guacharaca forma¬ 
tion should be regarded as Oligocene with some lower Aquitanian 
(basal Miocene) in its upper part. The Tocuyo formation comes a 
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little higher in the Aquitanian, and the Pozon formation extends 
from uppermost Aquitanian throughout the Burdigalian into the 
Vindobonian (see Charts 1 and 4). 

VII. EVOLUTION OF SOME OLIGOCENE AND MIOCENE 
GLOBOROTALII DAE AND ORBULINIDAE 

Following the extinction of the characteristic, and often mor¬ 
phologically complex, Eocene planktonic Foraminifera, such as Ilant- 
kenina, Truncorotaloides , Globigerinatheka barn Bronnimann, and 
Porticulasphaera mexicana (Cushman), there is a considerable re¬ 
duction in the number of species belonging to the Orbulimdae and 
Globorotaliidae. Only a few species of these families persists from 
the upper Eocene to the lower Oligocene. With the exception of 
Catapsydrax , these lower Oligocene forms are of comparatively 
simple morphology. 

The reduction in planktonic foraminiferal species at the Eocene- 
Oligocene boundary is cnly surpassed in intensity by the almost 
complete break at the Cretaceous-Tertiary boundary. In a similar 
way to the primitive lower Paleocene Globigerina and Globorotalia 
fauna, it is found that the lower Oligocene planktonic foraminiferal 
fauna rapidly begins to expand again into numerous new species 
and genera. The cause of such catastrophic reductions of certain 
faunal groups may possibly have been occasioned by comparatively 
minor, although world-wide, changes in environmental condition, 
such as a sudden lowering of mean sea temperature. 

1 he most remarkable reduction in number of species at the 
end of the Eocene occurs within the Globorotaliidae. In the Carib¬ 
bean area, it appears that only one species of Globorotalia persists 
in the lower Oligocene, i.e., Globorotalia opima Bolli. This species 
appears to be the ancestor of the lineage shown on Text-Figure 1 
(Lineage I). In the lower Aquitanian ( Catapsydrax dissimilis 
Zone), Globorotalia scitula praescitida Blow is first observed and 
this form is believed to be the ancestor of the lineage shown on 
rext-Figure 2 (Lineage II). However, the origin of Globorotalia 
scitula praescitida itself, and the origins of some other uppermost 
Oligocene or lowermost Miocene species of Globorotalia , such as 
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Globorotalia obesa Bolli and Globorotalia kugleri Bolli, are still not 
clear. 

Amongst the apparently unspecialized Globigerina species which 
exist either in upper Oligocene or lowermost Miocene times are 
Globigerina praebulloides Blow, Globigerina juvenilis Bolli, and 
Globigerina cf. trilocularis d’Orbigny (of Bolli, 1957), these forms 
seem to be the respective ancestors of the lineages shown on Text- 
Figures 3, 4 and 5 (Lineages III, IV and V). 

In the discussion of the lineages below, only the main features 
of the evolutionary series are noted; further details are given in the 
appropriate parts of the “Systematic Record” where some other 
possible evolutionary inter-relationships are noted in addition. 

LINEAGE I (See Text-Fig. L) 

Three branches of this lineage are distinguished: — 

(i) Globorotalia opima (s.l .) —> Globorotalia acostaensis , 

Branch 

(ii) Globorotalia opima (s.l.) —» Globorotalia mayeri, 

Branch 

(iii) Globorotalia mayeri Globorotalia fohsi (s.l.), 

Branch 

Branch (i).—Globorotalia opima nana Bolli is a small form with 
four to five chambers in the last whorl; they are spherical in shape 
inflated, and rather embracing. Globorotalia opima opima Bolli de¬ 
veloped first as a short-lived independent off-shoot from Globoro¬ 
talia opima nana; the evolution to Globorotalia opima opima being 
characterized by a considerable increase in size of the test and the 
coiling becoming slightly tighter. 

Globorotalia opima continuosa Blow develops from Globoro¬ 
talia opima nana Bolli in the basal part of the Catapsydrax stain- 
jorthi Zone. The two forms are closely related but Globorotalia 
opima continuosa differs from Globorotalia • opima nana in having 
a more strongly arched aperture with a more distinctive lip, and 
also in having ovate or subspherical chambers as compared 
with the spherical chambers of Globorotalia opima nana. The 


Globorotalia fohsi rob*sta 


96 


Bulletin 178 



MIOCENE 




















Tocuyo and Pozon Formations Venezuela: Blow 97 


test of “continuosa” remains thick hut tends to become parallel- 
sided. Globorotalia acostaensis Blow develops from Globorotalia 
opima continuosa in the Globorotalia menardii menardii/Globi- 
gerina nepenthes Zone after the extinction of Globorotalia mayeri 
Cushman and Ellisor. The evolution of Globorotalia acostaensis 
from Globorotalia opium continuosa is characterized by an in¬ 
crease in size of the test which remains thick or even becomes 
relatively thicker; the number of chambers in the last whorl in¬ 
creases, and the chambers become much inflated and broad. Further, 
the apertural lip of Globorotalia acostaensis is usually even more 
well developed than it is in Globorotalia opima continuosa. 

Branch (ii). 1 he evolution of Globorotalia mayeri Cushman and 

Ellisor from Globorotalia opima nana Bolli is characterized by an 
increase in size of the test which becomes relatively thinner; the 
number of chambers in the last whorl also increases, the chambers 
becoming less inflated and narrow. The apertural lip of Globorotalia 
mayeri is not strongly developed. 

Although the same general evolutionary trends prevailed in 
the evolution of Globorotalia mayeri and Globorotalia acostaensis. 
there are considerable differences of detail especially in regard to 
chamber shape and relative dimensions of the test. Furthermore, 
the trends operated at two distinctly different intervals of time. 

Branch (m). —Bolli (1957, p.118) suggested that Globorotalia johsi 
barisanensis (LeRoy) might have developed from Globorotalia 
mayeri Cushman and Ellisor in the Catapsydrax dissimilis Zone. 
The present writer regards this origin for Globorotalia johsi baris¬ 
anensis as being most likely. The derivation of Globorotalia johsi 
barisanensis from Globorotalia mayeri involves the chambers be¬ 
coming more tangentially elongate and the sutures of the spiral 
side becoming more strongly curved. The subsequent evolution of 
the Globorotalia johsi group, with the gradual attainment of an 
acute periphery which in turn becomes keeled, has been discussed 
by Bolli (1950). 

LINEAGE II (see Text-Fig. 2) 

I hree branches of this lineage are distinguished: — 
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(i) Globorotalia scitula ( s.l .) -» Globorotalia cf. canariensis, 

Branch 

(ii) Globorotalia scitula praescitula —> Globorotalia menardii 

(s.l.), Branch 

(iii) Globorotalia scitula praescitula —» Globorotalia minima —> 

—» Globorotalia lenguaensis , Branch 

Branch (i).—Globorotalia scitula praescitula Blow has rather elon¬ 
gate chambers as seen from the spiral side and a subacute axial 
periphery, as well as a distinctly convex to rather vaulted umbilical 
side. Globorotalia scitula scitula (Brady) develops from “praesci¬ 
tula” by the gradual attainment of a more equally biconvex test 
and a less lobate equatorial periphery; also, the chambers become 
almost hemispherical as seen from the spiral side and relatively 
less elongate tangentially as compared with their breadth. Globoro¬ 
talia scitula gigantea Blow develops in turn from Globorotalia sci¬ 
tula scitula (Brady), mainly by a considerable increase in test size 
and by the test becoming virtually equally biconvex. 

Forms which are referred to in this study as Globorotalia cf. 
canariensis (d’Orbigny) appear to develop from Globorotalia sci¬ 
tula scitula (Brad) T ) by the development of a thin but distinctive 
keel and by the test becoming more compressed. 

Branch (ii).—Globorotalia menardii archeomenardii (Bolli) appears 
to develop from Globorotalia scitula praescitula Blow by the attain¬ 
ment of rather angular rhomboidal-shaped chambers as seen from 
the side view. The periphery gradually becomes increasingly acute 
and ineventually a thin keel appears on the last few chambers, this 
keel subsequently extending throughout the whole test. Globorotalia 
menardii praemenardii (Cushman and Stainforth) developed from 
“ archeomenardii ’ by the attainment of a more lobate equatorial 
periphery and more chambers as well as a more rapidly opening 
spire. Globorotalia menardii menardii (d'Orbigny) developed from 
“praemenardii” by the gradual development of raised sutures on 
the spiral side and a much more massive keel. Globorotalia menardii 
miocenica Palmer evolved from Globorotalia menardii menardii by 
the development of a strongly vaulted umbilical side and a flat spiral 
side. 
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Branch (Hi).—Globorotalia minima (Akers) appears to develop 
from Globorotalia scitula praescitula Blow by the adoption of a less 
lobate equatorial periphery and the acquisition of more chambers 
in the last whorl. The last two chambers remain elongate tangen¬ 
tially, but the early chambers become almost equally as broad as 
long. Globorotalia lenguaensis Bolli is considered to have developed 
from Globorotalia minima by the adoption of a more circular equa¬ 
torial profile with the spire opening less rapidly so that all the 
chambers are almost equally as broad as long. \ he axial periphery 
becomes subacute to acute and a faint keel may develop on some 
or all of the chambers in specimens of Globorotalia lenguaensis from 
stratigraphically higher horizons. 

LINEAGE III (see Text-Fig. 3) 

Two branches of this lineage are distinguished: — 

(i) Globigerina praebulloides —> Globigerina parabulloides , 

Branch 

(ii) Globigerina praebulloides —* Globigerina bulloides —» 

—» Globigerina apertura, Branch 

Branch (i).—Globigerina praebulloides Blow has a weakly trocho- 
spiral test with four to five chambers in the last whorl. The cham¬ 
bers are appressed, slightly embracing, and increase fairly rapidly 
in size as added, so that the equatorial profile is ovate. The aperture 
is not strongly arched and is without a lip or distinctly thickened 
rim. Globigerina parabulloides Blow developed from “praebulloides” 
by the adoption of a smaller aperture which possesses a distinct 
lip or thickened rim. The equatorial profile remains distinctly elon¬ 
gate in the direction of the last chamber. 

Branch (ii).—Globigerina bulloides d’Orbigny developed from Glo¬ 
bigerina praebulloides by the adoption of a more highly arched 
aperture, a more strongly trochospiral test, a deeper umbilicus, and 
chambers which increase regularly but not rapidly in size as added, 
so that the equatorial profile is subcircular. Globigerina apertura 
Cushman developed from Globigerina bulloides by the coiling be¬ 
coming looser so that the umbilicus becomes wider, and also by the 
aperture becoming highly arched with a distinct thickened rim. 
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Text-Figure 3 . Lineage ]M, (not strictly to scale.) 
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LINEAGE IV (see Text-Fig. 4) 

Two branches are distinguished within this lineage: — 

(i) Globigerina juvenilis —> Globigerinita naparimaensis ( s.L), 

Branch 

(ii) Globigerinit a naparimaensis (s.L), — » ? —» Globigerinatella 

insueta , Branch 

Branch (i).—Globigerina juvenilis Bolli has three to four in¬ 
flated chambers in the last whorl and the narrow, elongate and slit¬ 
like aperture possesses a distinctive lip. Globigerinita naparimaensis 
in crust a (Akers) appears to have developed from Globigerina juven¬ 
ilis by the apertural lip of this latter form becoming attached to 
the ventral surface of the opposing chamber and forming a bulla 
which, however, only has infralaminal apertures in line with the 
sutures of the primary chambers. Globigerinita naparimaensis nap¬ 
arimaensis Brounimann developed from "incrusta” by the bulla be¬ 
coming more inflated and embracing more of the primary chambers, 
and also by the adoption of infralaminal apertures in the suture 
between the bulla and the primary chambers; it also retains the 
infralaminal apertures in line with the sutures between the primary 
chambers. It is considered possible that the evolution 

Globigerina juvenilis —» Globigerinita naparimaensis in crust a 

—» Globigerinita naparimaensis naparimaensis 
may have occurred a number of times throughout the Miocene in 
a repetitive and heterochronous manner. Further details of this 
possible repetitive evolution are discussed in the “Systematic 
Record.” 

Branch (ii). —It seems likely that Globigerinatella insueta 
Cushman and Stainforth developed from Globigerinita naparimaen¬ 
sis naparimaensis Bronnimann. Some early forms of Globigerinatella 
insueta show onlv a single “primary” bulla without “secondary” 
bull ae, either in the form of areal pustules or collar-like growths, 
although the primary chambers are embracing. Dissection of these 
early forms also shows that there are multiple apertures in the 
primary chambers, so that there is no longer one single primary 
aperture as seen in Globigerinita , but supplementary sutural and 
areal apertures as well. It is believed that the following trends have 
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occurred in the evolution of Globigerinatella insueta from Globi - 
gerinita naparimaensis naparimaensis : — 

(a) Primary chambers become embracing. 

(b) The single primary aperture of Globigerinita becomes 
multiple, i.e., adoption of supplementary apertures of 
two kinds: — 

(i) Supplementary apertures in the sutural positions 
between the primary chambers. 

(ii) Supplementary apertures in the area of the primary 
chambers. 

(c) Possible adoption of areal apertures in the area of the 
primary bulla. 

(d) “Secondary'’ bullae develop which may either take the 
form of pustule-like growths or collar-like growths which 
may cover part of both the primary chambers and the 
primary bulla. 

LINEAGE V (see Text-Fig. 5) 

Two major branches are distinguished within this lineage: — 

Globigerinoides 
f rubra 

(i) Globigerina cf. trilocularis Globigerinoides triloba 

\ (s.L), Branch 
Globigerinoides 
obliqua 

(ii) Globigerina cf. trilocularis —> Globigerinoides triloba (s.l.) —» 

/t Biorbulina 

—» Globigerinoides bispherica, Branch 
\ Orbulina 

Branch (i). —Bolli (1957) recorded a form which he considered 
as comparing well with the figures given by Fornasini of d'Orbigny’s 
Globigerina trilocularis. Bolli (1957, p.110) pointed out that in 
the Globorotalia kugleri Zone (= Lower Aquitanian) of southern 
Trinidad, specimens of Globigerina cf. trilocularis and Globigeri¬ 
noides triloba immatura LeRoy are indistinguishable except that 


Globigerinoides rubra , 
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oligocene 
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LeRoy's form possesses supplementary sutural apertures. A similar 
relationship has also been seen in the Globorotalia kugleri Zone 
of eastern Falcon. In the early forms of Globigerinoides triloba 
immatura , supplementary apertures are only present in the suture 
between the last and penultimate chambers, but in specimens from 
stratigraphicallv higher horizons supplementary apertures appear 
in the sutures between the penultimate and earlier chambers. The 
apertures of Globigerinoides triloba immatura are only slightly 
arched, and this form has a last chamber which only slightly em¬ 
braces the earlier part of the test; the last chamber is slightly 
smaller in volume than the rest of the earlier chambers combined. 

Globigerinoides triloba sacculifera (Brady) developed from 
Globigerinoides triloba immatura by the production of an elongate, 
saclike last chamber which has a slightly higher arched primary 
aperture. 

Globigerinoides triloba altiapertura Bolli appears also to have 
developed from Globigerinoides triloba immatura by the adoption 
of rounded and highly arched primary and supplementary apertures; 
also by the chambers becoming slightly more inflated and better 
separated one from the other. Globigerinoides obliqua Bolli is con¬ 
sidered to have developed from Globigerinoides triloba altiapertura 
in the basal part of the Catapsydrax dissimilis Zone by developing 
an elongate aperture which, however, remains fairly highly arched; 
the early chambers remain spherical, but later chambers become 
laterally compressed in an oblique manner. 

Globigerinoides rubra (d’Orbigny) is considered possibly to 
have originated from Globigerinoides triloba altiapertura by the 
reduction of the number of chambers in the last whorl to 3 from 
the usual 3 Zi to 4 which are present in the last whorl of Globigeri¬ 
noides triloba altiapertura. At the same time, the primary and sup¬ 
plementary apertures become symmetrically placed with respect 
to the suture between the earlier chambers. Later forms of Globi¬ 
gerinoides rubra show a tendency to become rather high-spired. 

Branch (ii).—Globigerinoides triloba triloba (Reuss) de¬ 
veloped from Globigerinoides triloba immatura LeRoy by the last 
chamber gradually embracing more of the earlier test and by the 
primary and supplementary apertures becoming completely siitlike 
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and more elongate as compared with the slightly arched apertures 
of “ immatura Blow (1956) discussed the evolution of Globigeri- 
noides bispherica Todd from Globigerinoides triloba triloba , and 
also the evolution of Biorbulina and Orbulina from Todd’s species 
via Porticulasphaera transitoria and Porticulasphaera glomerosa , 
respectively. 


VIII. SOME NOTES ON THE TAXONOMY OF THE 
FORAMINIFERA 


(a) Benthonic Foraminifera. 

Although the present biostratigraphical studies made by the 
writer for the Tocuyo and Pozon formations have been largely 
concerned with the stratigraphical distribution of planktonic Fora¬ 
minifera, it was found to be necessary to analyse the benthonic 
foraminiferal content of each sample in the section so as to arrive 
at a direct correlation between the two types of foraminiferal bio- 
stratigraphies. 

During this study the opportunity has been taken to examine 
and, where necessary, revise the taxonomy of the benthonic fauna 
as proposed by H. H. Renz in 1948. In general, Renz’s taxonomy 
has been maintained with few exceptions. The most important 
changes are listed below whilst some other minor changes are noted 
in the relevant parts of the “Systematic Record”: — 


Blow 

Alveovalvidinella 
pozonensis 
Alveoloph ragmium ? 

carinatum 
Alveoloph ragmium 
venezuelanum 
Bolivina pseudobeyrichi 
Gian did in a laevigata 
Gyroidinoides altijormis 
Gyroidinoides cf. zealandica 
Nodosaria caribbeana 


Renz (1948) 

Liebusella pozonensis 

Ilaploph ragm oides cariiuit um 

Haplophragmoides emaciatum 

Bolivina alata 
Pseudoglandnlina laevigata 
Gyroidinoides soldanii altijormis 
Gyroidinoides cf. soldanii 
Nodosaria raphanistrnm car¬ 
ibbeana 
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iXodosaria comatus 
Pseudonodosaria incisa 


Pseudogla nduli na comatula 
Pseudo glatidulina incisa 


Rectoglandulina gallowayi panel- Pseudoglandxdina gallowayi 


paucicostata 

E Hips on od os a ria ? v or n e u ill 
Astacolus snblituus 


costata 

Stilostomella verneuili 
Yaginulina sublituus 


In addition to these changes, the following benthonic Fora- 
minifera were observed in the Pozon-El Mene Road section but 
were not mentioned by Renz in 1948: — 


Ammodiscus muhlemanni Blow, sp. now 
Gravellina narivaensis Bronnimann 
Lagena asperoides Galloway and Morrey 
Lagena nuttalii Galloway and Heminway 
L ageno nod os a ria acostaensis Blow, sp. nov. 
Uvigerina cubana Palmer and Bermudez 


The stratigraphical distribution of the benthonic Foraminifera 
observed in the Pozon-El Mene Road section is given on Chart 2. 

(b) Planktonic Foraminijera 

Recently, Bolli, Loeblich, and Tappan (1957) made a detailed 
revision of the taxonomy of the planktonic Foraminifera. With one 
minor exception, their recommendations are followed in this work. 
These authors also made recommendations as to the terminology 
used in the description of the morphology of the planktonic forms. 
These recommendations are also closely followed. 


SYSTEMATIC RECORD 


All holotypes, paratypes, and hypotypes, as well as any other 
figured specimens, have been deposited in the collections of the 
United States National Museum, Washington, D.C., U.S.A. 

The classification followed in this Systematic Record is based 
upon that proposed by Cushman (1950) but with some modifica¬ 
tions due to recent work by various authors. The main changes affect 
the classification of the planktonic Foraminifera where the recom¬ 
mendations of Bolli, Loeblich, and Tappan ( 1957) are followed with 
the exception of the taxonomic position of the genus Hastigerinella. 
llastigerinella is, in this work, placed in the family Globorotaliidae. 
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Phylum PROTOZOA 
Order F0KA31INIFFRA 
Family A3I3100FSC10AK 
Genus A3D101)IS(TS Reuss, 1SG1 
Vnimodiscns ineertus (d’Orbigny) 

Opcrcul'uia inccrta d’Orbigny, 1839, “Foraminiferes”, in de la Sagra, 

Histoire physique, politique et naturelle de File Cuba, p. 49, pi. 6, figs. 16, 

17 (fide Ellis and Messina. 1940 ct scq.). 

Ammodiscus incertus (d’Orbigny), (Cushman), 1918, U.S. Nat. Mus., Bull. 

104, pt. 1, p. 95, pi. 39, figs. 1-8. 

Remarks :—Species shows wide variation, partly due to the 
type of material incorporated in the test; spiral suture usually 
distinct and the second chamber rounded in cross-section. 

Hypotype :—From Sample No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625734. 

Occurence :—Occurs mainly in arenaceous facies faunas of the 
Globigerinatella in-suet a Zone ( si. ) but also as isolated specimens 
in the Globorotalia fohsi “Zone” (s.l.) and Globorotalia mayeri 
Zone ( s.l.), Tocuyo and Pozon formations. 

Aniiiiodiscus miilileiminni Blow, sp. nov. PI. 6. figs, la-b 

Diagnosis'. —Test small, usually compressed, agglutinated, but 
with much calcareous cement; proloculum small and indistinct, 
followed by an undivided or nonconstricted second chamber form¬ 
ing a planispiral coil of about 7 to 10 whorls. The second chamber, 
which only increases slowly in size, has a rounded cross-section. 
Spiral suture usually distinct; wall smoothly finished and almost 
translucent; maximum diameter of holotype, 0.42 mm. 

Remarks'. —This form is usually observed deformed and com¬ 
pressed, but occasional specimens indicate that the cross-section 
of the second chamber is round. The adventious material selected 
is fine-grained, and the form has a characteristic translucent appear¬ 
ance. 

Holotype :—From Sample No. RM 19180, auger line near Po¬ 
zon, eastern Falcon; Plate 6, figs, la-b, deposited in U.S.N.M. 
collection, No. 625691. 
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Occurrence :—This form seems to he restricted to mainly “are¬ 
naceous facies faunas’' of the Globigerinatella insueta Zone ( s.l.) 
Tucuyo and Pozon formations. Also observed in the Nariva forma¬ 
tion of southern Trinidad. 

Genus GL03I0SP1KA Rzehak, 1SSS 
(iloinospini. g’ordialis (Jones and Parker) 

Glomospira gordialis (Jones and Parker), Cushman, 1928, Cushman Lab. 

Foram. Res., Contr., vol. 4, p. 87, figs. 7-8. 

Hypotype: —From Sample, No. RM 19283, auger line near Po¬ 
zon, eastern Falcon; deposited in U.S.N.M. collection, No. 625736. 

Occurrence: —Scarce, observed in the Globigerinatella insueta 
Zone (s.l. ); also infrequently in samples from the Globorotalia 
fohsi “Zone'’ (s.l. ) and Globorotalia mayeri Zone (s.l), Tocuyo 
and Pozon formations. 

Family LITlOLIRVi; 

Genus YLVKOLOPH lUGMlOl Stschedrina, 193G 
Ah eolophragmium l cnrinntuiu (Cushman and Renz) 

llaplophragmoidcs carinatum Cushman and Renz, 1941, Cushman Lab. 

Foram. Res., Contr., vol. 17, pt. 1, p. 2., pi. 1, fig. 1. 

Remarks :— Alveolophragmium? carinatum differs from Alveolo - 
phragmium venezuelanum Maync in the larger number of chambers 
and somewhat more compressed test which has a distinctly keeled 
periphery. The sutures are slightly raised. The specimens observed 
do not show details of the aperture but appear to have a labyrinthic 
or alveolar wall structure and are, therefore, referred tentatively 
to the genus Alveolophragmium Stschedrina, 1936. The specimens 
also appear identical to Cushman and Renz's species. 

Hypotype :—From Sample, No. RM 19136, auger line near Po¬ 
zon, eastern Falcon; deposited in U.S.N.M. collection, No. 625737. 

Occurrence: —Occurs mainly in arenaceous facies faunas from 
the Catapsyclax stainjorthi Zone, and in the Globigerinatella insueta 
Zone (s.l.), but, occasional specimens have been observed in all 
zones below the base of the Sphaeroidinella seminulina Zone, Tocuyo 
and Pozon formations. 
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Ah poloplirugniium >euezueliiiumi .Maync PI. 6, fig. 2 

No* II aplophragm'ium emaciatum Brady, 1S84, Challenger Exp-ed. Kept., 

Zool., vol. 9, pt. 22, p. 305, pi. 33, figs. 26-28. 

II aplophraginoides emaciatum R.nz, 1948, Geol. Soc. Amer., Mem. 32, p. 142, 

pi. I, figs. 6a-b. 

Alveolophragmium veiiezuelanum Maync, 1952, Cushman Found. Foram. 

Res., Contr., vol. Ill, pts. 3 & 4, p. 142, pi. 26, figs. 1-3, 5. 

Remarks :—Maync (1952) transferred Renz’s (1948) species 
to the genus Alveolophragmium Stschedrina and considered this 
species to be distinct from that described by Brady (1884). The 
specimens observed by the writer are similar to those illustrated 
by Renz (1948, p.142) and show clearly the alveolar nature of 
the test wall. 

Hypotype :—From Sample, No. RM 19136, auger line near Po¬ 
zon, eastern Falcon; Plate 6, fig. 2, deposited in U.S.N.M. collec¬ 
tion, No. 625739. 

Occurrence :—Generally scarce throughout the upper part of 
the Tocuvo formation and in the Globigerinatella insueta Zone 
( s.l .) and Globorotalia fohsi “Zone” ( s.l.), Pozon formation. 

Genus AMMOBACULITES Cushman, 1910 
Aniinohncnlites cf. stratliearnensis Cushman and LeRoy 

cf. Ammobaculites stratliearnensis Cushman and LeRoy, 193S, Jour. Pal.. 

vol. 12, No. 2, p. 122, pi. 22, figs, la, lb, 2a, 2b (fide Ellis and Messina, 

1940 et. seq.). 

A mmobaculites cf. stratliearnensis Cushman and LeRoy, Renz, 1948, Geol. 

Soc. Amer., Mem. 32, p. 113, pi. 1, figs. 7,8. 

Remarks :—This species shows a rather wide variation in mor¬ 
phology, especially in the degree to which the last few chambers 
uncoil and in the depth of the umbilicus. Test compressed; wall 
structure smooth, composed of fine grains. 

Hypotype: —From sample, No. RM 19136, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625740. 

Occurrence :—Occurs rarely, mainly in arenaceous facies 
faunas from the Catapsydrax stainforthi Zone and in the Globi¬ 
gerinatella insueta Zone (s.l. ). Occasional specimens have been 
observed throughout the Globorotalia fohsi Zone ( s.l.), and pos¬ 
sibly in the Globorotalia mayeri Zone (s.l.), Tocuyo and Pozon 
formations . 
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Genus ( Y< LA3LMIXA Brady, 1S7G 
( yelaimnina eancellata Brady 

Cyclammina canccllata Brady, 1884, Challenger Exped. Rept., Zool., vol. 9, 
p. 351, pi. 37, figs. 8-16. 

Remarks :—Both Glaessner (1945) and Cushman (1950) refer 
to the labyrinthic interior of this genus. Bronnimann (1951c) sug¬ 
gested that the term “labyrinthic" should not be used in connection 
with this form and described the interior as being subdivided into 
regularly arranged alveoles normal to the outer cortex. Maync 
(1952, p.48), however, retained the term “labyrinthic’' and pointed 
out that the attribute “labyrinthic” should be applied only to the 
wall and septal structure and not to the complex nature of the 
actual chambers. 

Tfypotype: —From sample. No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625741. 

Occuj rence: — Occurs in variable abundance in the Tocuyo 
and Pozon formations below the Sphaeroidinella seminulina Zone 
but particularly common in the Globigerinatella insueta ( s.l .), 
where it occurs in arenaceous facies faunas and often associated 
with comparatively rich, mainly planktonic faunas. 

It has been suggested that an abundance of this species indi¬ 
cates a deepwater turbid environment (Kugler, 1953). 

Genus IIAPLOHIIHAG MOIIIES Cushman, 1910 
Haplophragmoides coronatum (Brady) 

Trochavimina coronata Brady, 1879, Quart. Jour. Micr. Sci., London, vol. 19, 
p. 58, pi. 5, fig. 15 {fide Ellis and Messina, 1940 et scq.). 

Remarks: —This species is always observed much deformed, 
but appears to be planispirally coiled throughout. 

Ilypotype. —From sample, No. RM 19181, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625743. 

Occurrence :—Occurs mainly in arenaceous facies faunas from 
the Catapsydrax stainforthi Zone and Globigerinatella insueta Zone 
( s.L ), Tocuyo and Pozon formations. 

Family TKXTULAHI IDA E 
Genus TEXT FLA HI A Defrance, 1S24 
Toxtularia crassiseptn Cushman 

Textularia erassisepta Cushman, 1911, U.S. Nat. Mus., Bull. 71, p. 24, text- 
fig. 41 {fide Ellis and Messina, 1940, et seq.). 
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Hypotype: —From sample, No. RM 19279, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625744. 

Occurrence: —Scarce, but observed in isolated samples from 
the Globigerinatella insueta Zone ( s.L ), Globorotalia fohsi “Zone” 
( s.l .) and in the lower to middle part of the Sphaeroidinella semi- 
nulina Zone, Tocuyo and Pozon formations. 

Textularia excavata Cushman 

Textularia excavata Cushman, 1913, U.S. Nat. Mus., Proc., vol. 44, No. 
1973, p. 634, pi. 79, fig. 5 (fide Ellis and Messina, 1940 et seq.). 

Hypotype: —From sample No. RM 19279, auger line near Po¬ 
zon, eastern Falcon; deposited in U.S.N.M. collection, No. 625746. 

Occurrence :—Scarce, only seen in isolated samples from the 
Globigerinatella insueta Zone (s.l.), and Globorotalia fohsi “Zone” 
(s.L), Tocuyo and Pozon formations. 

Textularia isidroensis Cushman and Renz 

Textularia isidroensis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 4, pi. 1, fig. 7. 

Hypotype: —From sample No. RM 19280, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625748. 

Occurrence: —Scarce, only seen in isolated samples from the 
Globigerinatella insueta Zone (s.L), and Globorotalia fohsi “Zone” 
(s.L), Tocuyo and Pozon formations. 

Textularia leuzingeri Cushman and Renz 

Textularia leuzingeri Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 3, pi. 1, fig. 2. 

Hypotype: —From sample No. RM 19180, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625749. 

Occurrence: —Scarce, only seen in isolated samples from the 
Globigerinatella insueta Zone (s.L) and Globorotalia fohsi “Zone” 
(s.L), Tocuyo and Pozon formations. 

Textularia patiainensis Cushman PL 7, fig. 3 

Textularia panamensis Cushman, 1918, U.S. Nat. Mus., Bull. 103, p. 63, pi. 
20, fig. 1 (fide Ellis and Messina, 1940 et seq.). 

Hypotype: —From sample No. 20131, auger line near Pozon, 
eastern Falcon; Plate 7, fig. 3, deposited in U.S.N.M. collection, 
No. 625750. 
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Occurrence: —Scarce in the lower part of the Sphaeroidinella 
seminulina Zone but becomes common in the middle to upper part 
of this zone and in the lower part of the Globigerina bulloides Zone, 
Pozon formation. 

Textnlariii pozonensis Cushman and Renz 

Textularia pozoncnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 4, pi. 1, fig. 6. 

Ilypotype: —From sample, No. RM 20131, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625752. 

Occurrence: —Scarce in the lower part of the Sphaeroidinella 
seminulina Zone but becomes common in the middle to upper part 
of this zone and in the lower part of the Globigerina btdloides Zone, 
Pozon formation. 


Genus VULVULIXA d’Orbigny, 1S2G 

Vulvnlina spinosa iniocenica Cushman 

Vulvulina spinosa Cushman var. mioccnica Cushman, 1932, Cushman Lab. 

Foram. Res., Contr., vol. S, p. 80, pi. 10, fig. 10 ( fide Renz, 1948). 
ruh’ulina spinosa Cushman var. mioccnica Cushman, Renz, 1948, Geol. Soc. 
Amer., Mein. 32, p. 179, pi. II, fig. 1. 

Ilypotype: —From sample, No. RM 19280, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625753. 

Occurrence: —Scarce, only observed in isolated samples from 
the Globigerinatella insuet a Zone ( s.l .), Tocuyo and Pozon forma¬ 
tions. 

Family VKRXLI ILIMI) VL 

Genus GAl RHYIXA d’Orbigny, 1839 

Gaiidrviiin Imzingeri Cushman and Renz 

Gainiryina leuzingeri Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 6, fig. 13. 

Ilypotype: —From sample, No. RM 19280, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625755. 

Occurrence: —Scarce, only observed in a few samples from the 
Globigerinatella his tie t a Zone (s.l.) and Globorotaha foil si “Zone” 
(y./.), Tocuyo and Pozon formations. 

Guiidryina tlialinanni Cushman and Renz 

Gaudryina thalmanni Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 7, fig. 14. 
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Hypotype: —From sample, No. RM 19265, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625756. 

Occurrence: —Scarce, only observed in a few samples from the 
Globigerinatella insueta/Globigerinoides bispherica Subzone, Pozon 
formation. 

Subgenus l\SEl T I)OGAUJ>JttIXA Cushman, 1936 
Gnudryiiisi (Pseiidogandryina) biillhiooki Cushman 

Gaudryina (Pseudo gaudryina) bullbrooki Cushman, 1936, Cushman Lab. 
Foram. Res., Spec. Pub. No. 6, p. 16, pi. 2, fig. 16. 

Hypotype: —From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625758. 

Occurrence: —Generally scarce and only occurs in isolated sam¬ 
ples but ranges from the Catapsydrax stainforthi Zone, Tocuyo for¬ 
mation, to the Globorotaha menardii menardii/Globigerina ne¬ 
penthes Zone, Pozon formation. 

Oamlryina (Pseiidognudryina) jacksonensis abnormis Cushman and Renz 

Gaudryina ( Pseudogaudry'ina) jacksonensis Cushman var. abnormis Cushman 
and Renz, 1944, Cushman Lab. Foram. Res., Contr., vol. 20, pt. 3, p. 78. 

Gaudryina jacksonensis Cushman var. abnormis Cushman and Renz, Bermu¬ 
dez, 1949, Cushman Lab, Foram. Res., Spec. Pub. 25. 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625760. 

Occurrence ;—Fairly common in the Catapsydrax stainforthi 
Zone but has only been observed in isolated samples from the 
Globigerinatella insueta Zone (sJ. ), Tocuyo and Pozon formations. 

Genus PSEIDOCLAVULIXA Cushman. 1936 
Psendoelavuliiia earinata (Cushman and Renz) 

Clavulina carinata Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 8, pi. 1, fig. 18. 

Remarks: —This species shows a fairly large triangular initial 
part with three chambers per whorl followed by 2-3 rounded, uni- 
serial chambers with a circular terminal aperture. The aperture in 
the adult has a short neck and is without a tooth. The uniserial 
chambers are comparatively distinct, more so than the initial ones; 
wall rough. 

Hypotype: —From sample, No. RM 19286, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625762. 


116 


Bulletin 178 


Occurrence: —Generally scarce in the Tocuyo and Pozon forma¬ 
tions below the middle part of the Sphaeroidinella semimdina Zone. 

Family YAL YFLLNIPAE 

Genus ALYEOYALYULIXELLA Bronnimann, 1953 
Vlveovnlviilinellji pozonensis (Cushman and Renz) Pl. 6, fig. 4 

Liebusella pozoticnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, p. 9, figs. 1, 2. 

Liebusella pozoticnsis var. crassa Cushman and Renz, 1941, Cushman Lab. 
Foram. Res., Contr., vol. 17, p. 10, pl. 2, figs. 3-4. 

Alveovalvulinella pozoticnsis (Cushman and Renz), Bronnimann, 1953, Cush¬ 
man Found. Foram. Res., Contr., vol. IV, pt. 3, p. 91, text-figs. IV, V, 
plate 15, fig. 3. 

Remarks: —Bronnimann transferred this species from the genus 
Liebusella Cushman, 1933 to a new valvulinid genus Alveovalvuli- 
nella mainly because of the alveolated, not “labyrinthic”, nature of 
the test wall. The early part of the test consists of more than three 
chambers in a whorl later reducing to three, then two and eventually 
becoming uniserial. The uniserial part often comprises most of the 
test. Wall often appears translucent showing the alveoles. Aper¬ 
ture terminal in uniserial part of the test. 

ILypotype: —From sample, No. RM 19175, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 4, deposited in U.S.N.M. collec¬ 
tion, No. 625763. 

Occurrence: —In Trinidad it is diagnostic for, and restricted to, 
the Nariva clays and silts, whilst in the Pozon section it occurs 
mainly in arenaceous facies faunas from the Catapsydrax stain - 
jorthi Zone and Globigerinatella insueta Zone (s.l. ), Tocuyo and 
Pozon formations. It also occurs in isolated samples from the Globo - 
rotalia fohsi “Zone’' (s.l.) and Globorotalia viayeri Zone (j./.), 
Pozon formation. 

Genus (•RWLLLIN V Bronnimann, 1953 
(•ravHIina, narivnmsis Bronnimann Pl. 6, fig. 5 

Gravcllina narivactisis Bronnimann, 1953, Cushman Found. Foram. Res , 
Contr., vol. IV, pt. 3, p. 87, pi. 15, fig. 9, text-fig. 1. 

11ypotype: —From sample, No. RM 19181, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 5, deposited in U.S.N.M. collec¬ 
tion, No. 625765. 
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Occurrence :—Generally scarce and only observed in arena¬ 
ceous facies faunas from the Globigerinatella insuet a Zone ( s.L ), 
Tocuyo and Pozon formations. In Trinidad it is considered diagnos¬ 
tic for the Nariva formation. 

Genus 8CHEXC K1ELLA Thalmann. 1942 
St'henckielln cf. cyclostomata (Galloway and Money) 

cf. Verneuilina cyclostomata Gallowav and Morrey, 1929, Bull Amer. Pal., 
vol. 15, No. 55, p. 33, pi. 5, fig. 2. 

Schenckiclla cf. cyclostomata (Galloway and Morrey), Renz, 194S, Geol. Soc. 
Amer., Mem. 32, p. 163, pi. II, fig. 16. 

Remarks: —Usually observed as immature specimens without 
the uniserial chambers. 

Hypotype: —From sample, No. RM 19181, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625767. 

Occurrence: —Fairly common in the Tocuyo and Pozon forma¬ 
tions below the Globorotalia menardii mendarii/Globigerina ne¬ 
penthes Zone. 

Sclieneklella pallida (Cushman) 

Clavulina communis d’Orbigny var. pallida Cushman, 1927, Calif. Univ. 
Scripps Inst. Oceanography, Bull. Tech. Ser., vol. 1, p. 138, pi. 3, fig. 1. 

Listcrella pallida (Cushman), Cushman, 1937, Cushman Lab. Foram. Res.. 
Spec. Puh. 8, p. 147, pi. 16, figs. 37-39. 

Schenckiclla pallida (Cushman), Renz, 1948, Geol. Soc. Amer., Mem. 32, 
p. 163, pi. II, figs. 17-18. 

Hypotype: —From sample, No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625769. 

Occurrence: —Common in all zones of the Tocuyo and Pozon 
formations below and in the lower part of the Sphaeroidinella semi- 
nulina Zone. 


Genus TEXTTLAHIELLA Cushman, 1927 
Textulariella mioceniea Cushman 

Tcxtulariclla mioceniea Cushman, 1936, Cushman Lab. Foram. Res., Spec. 
Pub. 6, p. 45, pi. 6, figs. 17, 19. 

Hypotype: —From sample, No. RM 19112, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625771. 

Occurrence: —Fairly common in the Catapsydrax stamforthi 
Zone and the Globigerinatella insueta Zone ( si .), Tocuyo and 
Pozon formations but only observed as single specimens in isolated 
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samples from the Globorotalia fohsi barisanensis Zone, Pozon forma¬ 
tion. 

Genus V VLYTKINA d’Orbigny, 1S26 
Valvnlina tlexis Cushman and Renz 

Valvulina flrxis Cushman and Renz, 1941, Cushman Lab. Foram. Res., Contr., 
vol. 17, pt. 1, p. 7, figs. 16-17. 

Ilypotype: —From sample. No. RM 19210, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625773. 

Occurrence'. —Only observed in arenaceous facies faunas from 
the Catapsydrax stainforthi Zone, and from the Globigerinatella 
insueta Zone (j./.), Tocuyo and Pozon formations. 

Family 3IILVOM11AE 
Genus PYRGO Defrance. 1824 

Pyrgo spp. indet. 

Remarks and occurrence :—A number of specimens of this 
genus occur in the Sphaeroidinella seminuhna and Globigerina bul- 
loides Zones, Pozon formation but are always abraded, broken or 
merely preserved as steinkerns and cannot be safely speciated. 

Genus Ql l><H LIAMTLIN \ d’Orbigny, 1826 
Quimpieloculina spp. indet. 

Remarks and occurrence :—A number of specimens of this 
genus occur in the Sphaeroidinella seminulina and Globigerina bul- 
loides Zones, Pozon formation but are always abraded, broken, or 
merely preserved as steinkerns and cannot be safely speciated. 

Genus SIG>101 LIN A Sehlnmberger, 1SS7 
Siginoiliiin cel:ita (Costa) 

Spiroloculina crlata Costa, 1855, R. Accad. Sci. Napoli, Mem., vol. 2, p. 126, 
pi. 1, fig. 14 ( fide Ellis and Messina, 1940 ct scq.). 

SigmoiVina crlata (Costa), Cushman, 1929, Cushman Lab. Foram. Res., Contr., 
vol. 5, p. 82. 

Ilypotype: —From sample, No. RM 19151, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625775. 

Occurrence: —Generally scarce but observed in samples from 
all zones of the Tocuyo and Pozon formations below, and in the 
lower part of the Sphaeroidinella seminulina Zone. 

Genus TRILOCFLIXA d’Orbigny, 1826 
Trilocnliiin spp. indet. 

Re?narks and occurrence'. —A number of specimens of this 
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genus occur in the Sphaeroidinella seminulina and Globigerina bul- 
l-oides zones, Pozon formation, but are always abraded, broken or 
merely preserved as steinkerns and cannot be safely speciated. 

Family TK0C11AJI3IIXIDA K 
Genus TKOfHA3I3I1XA Parker and Jones, 1S59 
Troehiiluniina cf. pacific;! Cushman PI. 7, fig. 6 

cf. Trochammina pacifica Cushman, 1925, Cushman Lab. Foram. Res., Contr., 
vol. 1, No. 11, p. 39, pi. 6, fig. 3 ( fide Ellis and Messina, 1940 ct scq.). 

Trochammina cf. pacifica Cushman, Renz, 1948, Geol. Soc. Arner., Mem. 32, 
p. 172, pi. Ill, figs. 4a-b, 5a-b. 

Remarks: —The writer's specimens are similar to those illus¬ 
trated by Renz (1948). Most specimens occur as axially compressed 
forms and do not allow unambiguous specific identification. Renz's 
remarks (1948, p. 173) apply to the writer’s specimens. 

Hypotype: —From sample, No. RM 19849, auger line near 
Pozon, eastern Falcon; Plate 7, fig. 6, deposited in U.S.N.M. col¬ 
lection, No. 625777. 

Occurrence: —Occasional specimens have been observed in the 
uppermost part of the Globorotalia menardii menardii/Globigerina 
nepenthes Zone but the species only becomes common in the lower 
and middle parts of the Sphaeroidinella seminulina Zone. Rather 
scarce in the upper part of this latter zone and in the basal part of 
the overlying Globigerina bulloides Zone, Pozon formation. 

Family LAGENIDVE 
Genus ASTACOIXS Montfort, ISOS 

Vstiicolus ovatus Galloway and Heminway PI. 6, fig. 7 

Astacolus ovatus Galloway and Heminway, 1941, New York Acad. Sci., Sci. 
Surv. Porto Rico and Virgin Islands, p. 334, pi. 8, figs. lOa-b. 

Remarks: —This species shows a trace of a faint keel on the 
slightly convex dorsal side. Initial coil consisting of 5-6 chambers 
which appear to be in contact with the proloculum. Sutures of 
the later chambers strongly convex towards the aperture, meeting 
the dorsal side obliquely; test oval in cross-section. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 7, deposited in U.S.N.M. col¬ 
lection, No. 625779. 


120 


Bulletin 178 


Occurrence: —Scarce in samples from the Catapsydrax stain- 
forthi Zone, Globigerinatella insuet a Zone ( s.l. ), Globorotalia fohsi 
‘‘Zone” (s.l.) and Globorotalia • mayeri Zone (s.l.), Tocuyo and 
Pozon formations. Also occurs in isolated samples from the Globo¬ 
rotalia menardii menardii/Globigerina nepenthes Zone, Pozon for¬ 
mation. 

Genus DENTALINA d’Orbigny, 1826 
Dentalina cf. advena (Cushman) 

cf. Nodosaria advena Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. 79, pi. 14, 
fig. 12 {fide Ellis and Messina, 1940 et seq.). 

Dentalina cf. advena (Cushman), Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 
130, pi. IV, fig. 27. 

Hypotype: —From sample, No. RM 19281, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625780. 

Occurrence: —Only observed in isolated samples from the Globi¬ 
gerinatella insueta Zone (s.l.), Tocuyo and Pozon formations. 

Genus FRONDICULAKIA Defrance, 1826 
Frondicularia advena Cushman 

Frondicularia inaequalis Brady {non Costa), 1884, Challenger Exped. Rep., 
Zool., vol. 9, p. 521, pi. 66, figs. 8-12. 

Frondicularia advena Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. 141. pi. 20, 
figs. 1-2 (fide Ellis and Messina, 1940 ct seq.). 

Hypotype :—From sample, No. RM 19435, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625781. 

Occurrence: —Only observed in isolated samples from the 
Globorotalia • fohsi lobata and Globorotalia fohsi robusta Zones, 
also from the Globorotalia mayeri Zone (s.l.), Pozon formation. 

Frondicularia nlazanensis Nuttall 

Frondicularia alazancnsis Nuttall, 1932, Jour. Pal., vol. 6, p. 17, pi. 3, fig. 
15. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625783. 

Occurrence: —Scarce, observed in samples from the Catapsy¬ 
drax stainforthi Zone, Tocuyo formation, and in the Globigerinatella 
insueta/Globigerinoides bispherica Subzone and Globorotalia fohsi 
fohsi Zone, Pozon formation. 

Frondicularia inaetjualis Costa 

Frondicularia inaequalis Costa, 1855, R. Acad. Sci. Napoli, Mem., vol. 2, p. 
372, pi. 3, fig. 3 [fide Ellis and Messina, 1940 ct seq.). 
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non Frondicularia inaequalis Brady, 1884, Challenger Exped. Rep., Zool., vol. 
9, p. 521, pi. 66, figs. 8-12. 

Hypotype :—From sample, No. RM 19450, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625784. 

Occurrence: —Only seen in a few samples from the Globorotalia 
fohsi robust a Zone, Pozon formation. 

Frondicularia sa git tula lanceolata van den Broeck 

Frondicularia alata Brady ( non d’Orb.), 1884, Challenger Exped. Rep., Zool., 
vol. 9, p. 522, pi. 44, figs. 3-5. 

Frondicularia sagittula var. lanceolata van den Broeck, Cushman, 1923, U.S. 
Nat. Mus., Bull. 104, pi. 4, p. 143, pi. 20, fig. 4, pi. 21, fig. 1 (fide Ren/, 
1948). 

Remarks: —This form shows great variation within the To¬ 
cuyo and Pozon formations, and it is difficult to decide upon 
characters that are constant for the species and subspecies. 
The size and relative thickness of the test are subject to vari¬ 
ation as is also the relative size of the proloculum in megalo- 
spheric forms. Only megalospheric forms have been recognized in 
the Falcon material. Occasional isolated prolocula have also been 
observed. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625785. 

Occurrence: —Generally rather scarce throughout the Tocuyo 
and Pozon formations below the base of the Sphaeroidinella semi- 
nulina Zone. 


Genus LA GENA Walker and Jacob, 179S 
Lagena asperoides Galloway and Morrey PI. 6, fig. S 

Lagcna asperoides Galloway and Morrev, 1929, Bull. Amer. Pal., vol. 15, No. 

55, p. 19, pi. 2, fig. 6. 

Remarks: —A distinctive species, thick walled, and with a 
spherical chamber supporting a rather long neck; wall pustulose 
with rounded papillae. 

Hypotype: —From sample, No. RM 19180, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 8, deposited in U.S.N.M. col¬ 
lection, No. 625787. 

Occicrrence: —Renz (1948) did not record this species from 
the Agua Salada group but Cushman and Stainforth (1945) re- 
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corded its occurrence in the Cipero formation of southern Trini¬ 
dad. In eastern Falcon it occurs, but rarely, in isolated samples 
from the Globigerinatella insuet a Zone (j./.), Tocuyo and Pozon 
formations. 

Liigena imltalli Galloway and Heniinway PI. 6, fig. 9 

hagcna nuttalli Galloway and Heminway, 1941, New York Acad. Sci., Sci. 

Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 346, pi. 10, fig. 8. 

Remarks: —The neck of this species is enlarged forming almost 
a second chamber; ornamented with longitudinal costae. 

Hypotype: —From sample, No. RM 19179, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 9, deposited in U.S.N.M. col¬ 
lection, No. 625788. 

Occurrence: —Not recorded by Renz (1948) in the Agua 
Salada group hut is comparatively common in the Cipero forma¬ 
tion of southern Trinidad (Cushman and Stainforth, 1945). Ob¬ 
served infrequently in samples from the Globigerinatella insuet a 
Zone (s.l. ), Tocuyo and Pozon formations. 

Genus LA GKX OX 0 INKS A It IA Silvestri, 1900 
Lagenonodosarin aeostaeusis Blow, sp. nov. PI. 7, fig. 10 

Diagnosis: —Test fairly large, consisting of three to four globu¬ 
lar or subglobular chambers, separated by fairly deeply incised 
sutures; last chamber with a long, slender, sometimes slightly hispid 
neck with a phialine lip; neck without multiple collars; test gen¬ 
erally strongly costate and costae often produced into short spines 
over the posterior part of each chamber; costae become weak or 
absent in the sutural regions also over the first formed chamber; 
last chamber slightly more separated from the penultimate cham¬ 
ber than is the case with the earlier chambers; often with a pro¬ 
nounced basal spine; maximum length of holotype, 0.62 mm. 

Remarks: —This form is distinguished from L. scalaris (Batsch) 
by the presence of more deeply incised sutures and the absence of 
multiple collars on the long narrow neck. 

Holotype: —From sample, No. RM 19444, auger line near 
Pozon, eastern Falcon; Plate 7, fig. 10, deposited in the U.S.N.M. 
collection, No. 625693. 
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Occurrence: —Generally scarce in the Globigerinatella in suet a 
Zone ( s.l .) but becomes fairly common in the Globorotalia fohsi 
“Zone” (s.l. ), Tocuyo and Pozon formations. 

Genus LING LIAN A d’Orbigny, 1826 
Liii'niliim grimsdalei Cushman and Renz 

Lingulina grimsdalei Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 14, pi. 3, fig. 1. 

Hypotype: —From sample, No. RM 19150, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625789. 

Occurrence: —Scarce, only observed in isolated samples from 
the Catapsydrax stainforthi Zone and Globigerinatella insueta/Glob- 
igerinoides triloba Subzone, Tocuyo formation. 

Lingulina prolata (Guppy) 

Gonatosphacra prolata Guppy, 1894, Zool. Soc. London, Proc., p. 651, pi. 41, 
figs. 14-19 ( fide Renz, 1948). 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625790. 

Occurrence: —Rare, only observed in samples from the Globi¬ 
gerinatella insueta Zone (s.l.), Tocuyo and Pozon formations. 

Genus MARGIN LLINV d’Orbigny, 1826 

Margintilina cf. striatula Cushman 

cf. Marginulina striatula Cushman, 1913, U.S. Nat. Mus., Bull. 71, p. 79, pi. 
23, fig. 4 ( fide Ellis and Messina, 1940 ct scq.). 

Marginulina cf. striatula Cushman, Renz, 1948, Geol. Soc. Amer., Mem. 32, 
p. 145, pi. IV, figs. 1 5-16. 

Remarks: —The specimens observed by the writer are simdar 
to those figured by Renz (1948) and tentatively referred to Mar- 
ginulina striatula Cushman. Cushman mentioned the presence of 
fine costae on his specimens, but these are not present on the 
writer’s material, nor are they shown on Renz’s illustrations. 

Hypotype: —From sample, No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625792. 

Occurrence: —Generally scarce and only observed in isolated 
samples from the Catapsydrax stainforthi Zone and Globigerinatella 
insueta/Globigerinoides triloba Subzone, Tocuyo formation; also 
from the Globigerinatella insueta/Globigerinoides bisplierica Sub- 
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zone, Globorotalia fohsi “Zone” ( s.l.), and Globorotalia mayeri 
Zone (s.l.) and Globorotalia menardti menardii/Globigerina ne¬ 
penthes Zone, Pozon formation. 

Mnrginulimi snMmllata Hantken 

Marffinulina subbullata Hantken, Palmer, 1940, Soc. Cubana hist, nat., Mem., 

vol. 14, No. 4, p. 279. 

Remarks :—The megalospheric forms show only two chambers 
in the initial coil, and the sutures of the last chambers become hori¬ 
zontal resembling some species ascribed by Loeblich and Tappan 
(1955) to their new genus Pandaglandulina. The microspheric forms 
have between three and five chambers in the initial coil. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, near Falcon; deposited in U.S.N.M. collection, No. 625794. 

Occurrence :—Generally ubiquitous throughout the Tocuyo 
formation and nearly all of the Pozon formation but does not occur 
in the rather shallownwater assemblages of the Globigerina bulloides 
Zone. Common in the Globigerinatella insueta Zone (s.l.), Globoro¬ 
talia fohsi “Zone” (s.l.), and in the Globorotalia mayeri Zone (s.l.), 
Pozon formation. 

Genus 3IAK(HN ULIXOPSIS Silvestri, 1904 
Nnrginuliiiopsis basispinosus (C ushman and Renz) PI. G, fig. 11 

Marginulina basis pinosa Cushman and Renz, 1941, Cushman Lab. Foram. 

Res., Contr., vol. 17, pt. 1, p. 13, pi. 2, figs. 16-18. 

Marguiulinopsis basispinosus (Cushman and Renz), Renz, 1948, Geol. Soc. 

Ainer., Mem. 32, p. 145, pi. IV, figs. Sa-b, 9, 10. 

Remarks :•—This form has an initial coil of between three and 
five chambers in contact with the proloculum followed by usually 
3-5, uniserial chambers arranged at right-angles to the axis of coil¬ 
ing. The species is rather variable; some forms show the initial 
cod and first chamber of the uniserial part rather compressed or 
triangular in cross-section, in others all the chambers are rounded 
or elliptical. Ornamentation may be either costate or papillate or a 
combination of both, whilst in some forms ornamentation is want¬ 
ing on the last two or three chambers and much reduced on the 
earlier chambers. Often with several radially directed spines on 
the initial coiled chambers. 
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IIypotype: —From sample, No. RM 20025, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 11, deposited in U.S.N.M. 
collection. No. 625796. 

Occurrence :—Renz (1948) used the occurrence of this species 
to define his Marginulinopsis basispinosus Zone, Pozon formation, 
(= upper part Globorotaha mayeri Zone ( s.l. ), Globorotalia men - 
ardii menardii/Globigerina nepenthes Zone and basal part Sphae- 
roidtnella semin ulina Zone). In the Falcon region it is restricted to 
this interval, hut evidence seen in subsurface sections on the Island 
of Cubagua shows that it ranges higher into the Sphaeroidinella 
semimdina Zone, indicating that its disappearance in Pozon may 
be due to ecological rather than stratigraphical reasons. 

Genus NODOSAllIA Lamarck, 1812 

Nodosnria. caribbeana (Hedberg) PI. 6. fig. 12 

Nodosaria raphamstrum (Linne) var. caribbeana Hedberg, 1937, Jour. Pal., 
vol. 11, No. 8, p. 671, pi. 91, fig. 1. 

Remarks: —Hedberg (1937, p. 671) stated “Due to the un¬ 
certainty regarding the exact characters possessed by Linne’s spe¬ 
cies, it seems desirable to make a new variety of the form common 
in the Tertiary of the Caribbean region.” 

The writer feels that, in view of this uncertainty concerning 
Linne's species and since this form is common in the Oligo-Miocene 
of the Caribbean, it should be considered as a distinct species. 

The form shows a wide variability in the degree of constriction 
between adjacent chambers; even within the one specimen, well 
separated chambers occur adjacent to chambers practically in con¬ 
tact with each other. The costate ornamentation also shows great 
variability both within the species group and within a single speci¬ 
men; in some cases the costae cross the septal necks unchanged 
whilst in others they become much weaker. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 12, deposited in U.S.N.M. col¬ 
lection, No. 625797. 

Occurrence: —Common throughout the upper part of the 
Tocuyo formation, in the Globigerinatella insueta/Globigerinoides 
bispherica Subzone and in the Globorotalia fohsi “Zone'" (s.l.). 
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Rather scarce in the Globorotalia mayeri Zone (s.l .), Globorotalia 
menardii menardii Globigerina nepenthes Zone and Sphaeroiduiella 
semimdina Zone (lower part), Pozon formation. 


Nodosaria comatiis (Batsch) 

Nautilus comatus Batsch, 1791, Testaceorum arenulae marinae tabulae sex . . 
(Sechs Kupfertafeln mil Conchvlien des Se-esandes), pp. 1, 4 {fide Ellis and 
Messina, 1940 ft srq.) 

Nodosaria cornata Brady, 1884, Challeng-er Exped. Rept., ZooL, vol. 9, p. 
509, pi. 64, figs. 1-5. 

Nodosaria comatula Cushman, 1923, U.S. Nat. Mus., Bull. 104, pt. 3, p. 83, 
pi. 14, fig. 5 {fide Renz 1948). 

Pscudoglandulina comatula (Cushman), Cushman, 1929, Cushman Lab. Foram. 
Res., Contr., vol. 5, p. 87. 

Remarks :—Loeblich and Tappan (1955) discussed the validity 
of the genus Pseudoglandulina Cushman (the type species of which 
is this snecies) and they pointed out that Psendoglandulina Cush¬ 
man, 1929 must be considered a junior synonym of Nodosaria La¬ 
marck, 1812, and is, therefore, invalid. 

Ifypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625799. 

Occurrence :—Although Renz (1948) only reported this species 
from the Robtdus wallacei Zone and Siphogenerina transversa 
Zone ( =Catapsydrax stainforthi Zone to lower part Globorotalia 
fohsi fohsi Zone), the present writer has observed this form in the 
Globorotalia fohsi lobata and Globorotalia fohsi robusta Zones, and 
the Globorotalia mayeri Zone {s.l. ); furthermore, occasional speci¬ 
mens have been observed in the Globorotalia menardii menardii /- 
Globigerina nepenthes Zone and the lowermost part of Sphaeroidi- 
nella seminulina Zone, Pozon formation. 

It is associated in the Pozon formation with mainly planktonic 
assemblages and is absent in faunas containing abundant Uvigerina 
isidroensis , Bolivina imporcata and Bolivina simplex; the abund¬ 
ance of these latter forms suggests rather shallow-water conditions. 

Brady (1884) and others recorded the occurrence of this species 
at depths of circa 800 metres. 

Nodosaria' longiscata d’Orbigny 

Nodosaria longiscata d’Orbigny, 1846, Foraminiferes fossiles du bassin ter- 
liaire de Vi-enne (Autriche), p. 32, pi. 1, figs. 10-12. ( Fide Ellis and 
Messina, 1940 ft seq.). 


Tocuyo and Pozon Formations Venezuela: Blow 127 


Remarks :—This distinctive and well-known species is charac¬ 
terized by the elongate but narrow chambers with rather poorly 
defined constictions between adjacent chambers. Specimens show¬ 
ing bulbous, inflated prolocula are not infrequent. In the material 
from Pozon, specimens showing the form and characters of the 
aperture have not been observed, and, therefore, unambiguous 
generic identification is not possible. Some broken specimens show 
in end view what appears to be a multiple wall structure consisting 
of two rather thick concentric layers. It is doubtful if D'Orbigny’s 
drawing of an end view actually shows the aperture but more likely 
an end view of a broken specimen. In view of the absence of speci¬ 
mens showing undoubted apertural characters this species is only 
doubtfully referred to the genus Nodosaria. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625800. 

Occurrence :—Common in the Catapsydrax stainforthi Zone, 
Globigerinatella insueta j Globigerinoides triloba Subzone, Tocuyo 
formation and in the Pozon formation below the Globorotalia may- 
eri Zone ( s.l. ); scarce in the Globorotalia menardii menardii Globi- 
gerina nepenthes Zone, Pozon formation. 

Nodosaria mittalli Hedberg 

Nodosaria nuttalli Hedberg, 1937, Jour. Pal., vol. 11, p. 673, pi. 91, fig. 6. 
Hypotype: —From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625802. 

Occurrence :—Fairly common or common in the Catapsydrax 
stainforthi Zone and Globigerinatella in suet a/Globigerinoides triloba 
Subzone, Tocuyo formation; also in the Globigerinatella insueta/- 
Globigerinoides bispherica Subzone, Globorotalia fohsi “Zone” ( s.l .), 
Pozon formation. 

Nodosaria schlichti Reuss 

N odosaria ( Nodosaria ) schlichti Reuss, 1870, K. Akad. Wiss. Wien, Math.- 
Naturw. Cl., Sitzber., vol. 62, Abt. 1, p. 472, pi. 6, figs. 29-31 ( fide Ellis 
and Messina 1940 et scq.). 

Nodosaria schlichti Reuss, Renz, 1948, Geol. Soc. Amer., M-em. 32, p. 147, pi. 
IV, fig. 25, pi. V, fig. 5. 

Hypotype: —From sample, No. RM 19283, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625804. 
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Occurrence'. —Generally scarce but observed in all zones below 
the middle part of the Globorotalia men&rdii menardii/Globigerina 
nepenthes Zone, Tocuyo and Pozbn formations. 

Xodosaria stainfortlii Cushman and Renz 

A” odosaria stainfortlii Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 15, pi. 3, fig. 4. 

Hypotype :—From sample, No. RM 1928S, auger line near 
Pozbn, eastern Falcon; deposited in U.S.N.M. collection, No. 62S806. 

Occurrence :—Generally scarce in the upper part of the Tocuyo 
formation and in the Pozon formation, below the Globorotalia 
mayeri Zone ( s.l .), but sometimes several specimens occur in 
single samples from the Globorotalia menardii menardii/Globigerina 
nepenthes Zone where the faunas are suggestive of a deeper than 
usual environment. 

Xodosaria vertebral is (Batsch) 

Nautilus ( Orthoccras ) vertebralis Batsch, 1791, Testaceorum arenulae 
marinae tabulae sex... (Sechs Kupfertafeln mit Conchylien des Seesand-es), 
pt. 3, No. 6, pi. 2, figs. 6a-b. ( fide Ellis and Messina, 1940 ct seq.). 
Xodosaria vertebralis (Batsch), Hedberg, 1937, Jour. Pal., vol. 11, No. 8, 
p. 671, pi. 91, fig. 2. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozbn, eastern Falcon; deposited in U.S.N.M. collection, No. 625808. 

Occurrence :—As for Nodosaria stainfortlii with which it is 
often associated. 


Genus PLANULARIA Defrance, 1824 
Planularia clara Cushman and Jarvis 

Planularia elara Cushman and Jarvis, 1929, Cushman Lab. Foram. Res., 
Contr., vol. 5, pt. 1, p. 7, pi. 2, figs. 14-15. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozbn, eastern Falcon; deposited in U.S.N.M. collection. No. 625809. 

Occurrence :—Although Renz (1948) recorded this form not 
higher than his Valvulineria herricki Zone, Pozbn formation, the 
writer has observed specimens associated with Marginulinopsis basis - 
pinosus. It is rare in the Globigerinatella insueta Zone (s.l.) blit 
becomes fairly common in the Globorotalia fohsi “Zone (s.l.). Iso¬ 
lated specimens occur in the Globorotalia mayeri Zone ( s.l .), the 
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Globorotalia menarclii menardii/ Globigerina nepenthes Zones and 
in the lowermost part of the Sphaeroidinella seminulina Zone, 
Pozon formation. 

Planulnria veneznelaiia Hedberg 

Planularia venczurlana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 670, 
pi. 90 figs. 14a-b. 

Hypotype: —From sample, No. RM 19281, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625811. 

Occurrence :—Scarce and only observed in the Globigerinatella 
insuet a/Globigerinoides bispherica Subzone, Tocuyo and Pozon 
formations. 

Genus PSEUDONODOSARIA Boomgaart, 1949 
According to Loehlich and Tappan (1955, p. 6), this genus was 
defined by Boomgaart as follows: 

Test free, uniserial and rectilinear throughout, chambers embracing 
strongly in the early portion, later chambers inflated, less embracing and 
separated by constricted sutures; sutures horizontal; aperture terminal, radiate. 

Psemlonodosaria incisa (Neugeboren) PI. 7, fig. 13 

Glandulina incisa Neugeboren, 1850, Siebenb. Ver. Naturw., Hermannstadt, 
Verh. Mitt., Jahr. 1, No. 4, p. 52, pi. 1, figs. 7a-b (fide Ellis and Messina, 
1940 et seq .). 

Pseudoglandulina incisa (Neugeboren), Renz, 1948, Geol. Soc. Amer., Mem. 
32, p. 154, pi. V, fig. 16. 

Remarks :—This species has the characters required for in¬ 
clusion in Boomgaart’s genus. It has no trace of a biserial early 
stage. The early chambers are strongly embracing whilst the last 
chamber is well separated from the earlier chambers and fairly in¬ 
flated. Aperture terminal, radiate. 

Hypotype :—From sample, No RM 19117, auger line near 
Pozon, eastern Falcon; Plate 7, fig. 13, deposited in U.S.N.M. col¬ 
lection, No. 625813. 

Occurrence :—Generally scarce and often occurs as single speci¬ 
mens in samples from the Catapsydrax stain fort hi Zone, Globi¬ 
gerinatella insuet a/Globigerinoides triloba Subzone, Globigerinatella 
insueta/Globigerina bispherica Subzone, Globorotalia fohsi “Zone" 
(j\/.), Globorotalia mayeri Zone (s.l. ), and Globorotalia menardii 
menardii/Globigerina nepenthes Zone, Tocuyo and Pozon forma¬ 
tions. 
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Genus UECTOGI.AN IHLIX V Toeblich and Tappan, 1955 

Loeblich and Tappan ( 1955), gave the following diagnosis for 
their genus: 

Test free, uniserial, with chambers increasing rapidly in diameter and stronglv 
overlapping, sutures horizontal and parallel, never strongly depressed; wall 
calcareous; aperture terminal, radiate. 

Loeblich and Tappan further remarked that Recto glandulina 
differs from Pseudonodosaria Boomgaart, 1949 in having all the 
chambers closely appressed and with the later chambers not sep¬ 
arated by constricted sutures. 

Rectoglaiiduliiia gallowavi panoicostata (Cushman and Renz) 

PI. 6, fig. 14 

Pscudoglandulina galloivayi Cushman var. paucicostata Cushman and Renz, 

1941, Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 16, pi. 3, fig. 5. 

Remarks'. —This species appears to have the characters re¬ 
quired for inclusion in Rectoglandulina. The last suture is only 
slightly constricted. The strongly costate ornamentation makes it 
difficult to judge to what extent the chambers overlap. 

Ilypotype :—From sample. No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 6, figure 14, deposited in U.S.N.M. 
collection, No. 625814. 

Occurrence'. —Generally rather scarce and only observed in 
samples from the Globigerinatella insueta Zone (s.I. ), Tocuyo and 
Pozon formations. 


Genus RORTLIS Montfort, ISOS 
Kohiilus americanus (Cushman) 

Cristcllaria amcrlcana Cushman, 1918, U.S. Geol. Surv., Bull. 676, p. 50, pi. 
10, figs. 5-6. 

Robulus amcricanus (Cushman), Cushman and Cahill, 1933, U.S. Geol. Surv., 
Prof. Paper 175-A, p. 12, pi. 3, figs. 6a-e. 

Ilypotype'. —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625815. 

Occurrence :—Generally common throughout all zones of the 
Focuyo and Pozon formations below the Globigerina bulloides Zone, 
in which only isolated specimens occur. 1 he species varies con¬ 
siderably in frequency from sample to sample throughout the sue- 
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cession, being rare in samples containing abundant Uvigerina isi- 
droensis, Bolivtna simplex , and Bolivia a imporcata. 

Kobulns americiums grand is (Cushman) 

Cristellaria americana Cushman var. grandis Cushman, 1920, U.S. Geol. Surv. 
Prof. Paper 128-B, p. 68, pi. 11, fig. 2 {fide Ellis and Messina, 1940 ct scq.). 

Hypotype :—From sample. No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625816. 

Occurrence'. —Fairly common in most zones below the Globi- 
gerina bulloides Zone, Pozon formation, but varies considerably in 
frequency from sample to sample. General distribution is similar 
to the parent species. 

Robultis americiums spiiiosns (Cushman) 

Cristcllaria americana Cushman var. spinosa Cushman, 1918, U.S. Geol. 
Surv., Bull. 676, p. 51, pi. 10, fig. 7. 

Remarks :—This subspecies is distinguished from the parent 
species by the spines which extend radially from the peripheral part 
of the sutures. The spines are variable, both in length and thick¬ 
ness. 

Hypotype: —From sample. No. RM 19181, auger line Pozon, 
eastern Falcon; deposited in U.S.N.M. collection, No. 625817. 

Occurrence :—Generally scarce in the Catapsydrax stainforthi 
Zone, Globigerinatella insueta Zone ( s.l .) and Globorotalia fohsi 
“Zone” ( s.l .), Tocuyo and Pozon formations. It becomes fairly 
common or common in the Globorotalia mayeri Zone (s.l.), Globo¬ 
rotalia menardii menardii/Globigerina nepenthes Zone and in the 
lower part of the Sphaeroidinella seminulina Zone, Pozon formation. 
Isolated specimens also occur in the upper part of the Sphaeroid¬ 
inella seminulina Zone and in the Globigerina bidloides Zone. 1 his 
subspecies seems to prefer a somewhat shallower environment than 
the parent species. 

Itobulus arcuatostriatiis caroliuiaiuis Cushman 

Robulus arcuato-striatus (Hantken) var. carolitiianus Cushman, 1933, Cush¬ 
man Lab. Foram. Res., Contr., vol. 9, p. 4, pi. 1, fig. 9 ( fide Renz, 1948). 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625818. 
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Occurrence :—Scarce and only observed in isolated samples 
from the Catcipsydrax stainforthi Zone, Globigerinatella insueta 
Zone (s.l.) and Globorotalia fohsi ‘‘Zone” ( s.l. ), Tocuyo and Pozon 
formations. 

Robulus calcar (Linne) 

Xautilus calcar Linne, 1767, Systema naturae, 12th ed., vol. 1, p. 1162, No. 

272 {fide Renz, 1948.). 

Robulus calcar (Linne), Galloway and Morrey, 1929, Bull. Amer. Pal., vol. 

15, No. 55, p. 20, pi. 2, fig. 10. 

Uypotype :—From sample. No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625819. 

Occurrence: —Generally common in the Catcipsydrax stain - 
fort hi Zone, Globigerinatella insueta Zone (s.l.), Globorotalia fohsi 
“Zone’' (s.l. ) and Globorotalia mayeri Zone (s.l.), Tocuyo and 
Pozon formations. It becomes scarce and sporadic in occurrence 
within the Globorotalia menardii menardii Globigerina nepenthes 
Zone and in the Sphaeroidinella seminulina Zone; occasional speci¬ 
mens have been observed in the Globigerina bulloides Zone, Pozon 
formation. 

Robulus clcricii (Fornasini) 

Robulus clcricii (Fornasini), Cushman, 1929, Cushman Lab. Foram. Res., 

Contr., vol. 5, p. 84, pi. 12, figs. 16-17. 

Remarks: —Renz (1948, p. 158) discussed the variability of 
this form within the Agua Salada group and pointed out that this 
species and Robulus chambersi Garrett, 1939 can only be dis¬ 
tinguished in extreme cases. 

IIypotype: —From sample, No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625820. 

Occurrence :—Generally fairly common in all zones of the 
Tocuyo and Pozon formations below the Globorotalia menardii 
menardii'Globigerina nepenthes Zone. Occasional specimens have 
been observed in the Sphaeroidinella seminulina Zone, Pozon for¬ 
mation. 

Robulus fonnosns (Cushman) 

Cristcllarla formosa Cushman, 1923, U.S. Nat. Mus., Bull. 104, pt. 4, p. 110, 

pi. 29, fig. 1; pi.30, fig. 1 (fide Ellis and Messina, 1940 ct seq.). 
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Hypotype: —From sample, No. RM 19182, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 
625822. 

Occurrence :—Scarce and only observed in isolated samples 
from the Globigerinatella insueta Zone (s.l.), Globorotalia fohsi 
“Zone” ( s.l. ), and in the Globorotalia mayeri Zone ( s.l. ), Tocuyo 
and Pozon formations. 

Robulus liedbergi Cushman and Renz 

Robulus hedbergi Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 10, pi. 2, fig. 9. 

Hypotype :—From sample, No. RM 19112, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 
625823. 

Occurrence: —Scarce and only seen in isolated samples from 
the Catapsydrax stainforthi Zone and the Globigerinatella insueta 
Zone (s.l.), Tocuyo and Pozon formations. 

Robulus iotus (Cushman) 

Cristcllaria iota Cushman, 1923, U.S. Nat. Mus., Bull. 104, p. Ill, pi. 29, 
fig. 2; pi. 30, fig. 1 {fide Ellis and Messina, 1940 ct scq.). 

Hypotype :—From sample, No. RM 19178, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625824. 

Occurrence :—Scarce, only observed in isolated samples from 
the Globigerinatella insueta Zone (s.l.), Globorotalia fohsi “Zone” 
(s.l.) and in the Globorotalia mayeri Zone (s.l.), Tocuyo and 
Pozon formations. 

Robulus inelvllll Cushman and Renz 

Robulus mcbvilli Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 12, pi. 2, fig. 12. 

Hypotype :—From sample, No. RM 19116, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625825. 

Occurrence: —Generally scarce but observed throughout all 
zones of the Tocuyo and Pozon formations, below the middle part 
of the Sphaeroidinella seminulina Zone. 
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Robulus 11 uttsilli Cushman and Renz 

Rubulus nuttalli Cushman and Renz, 1941, Cushman Lab. Foram. Res., Contr., 
vol. 17, pt. 1, p. 11, pi. 2, fig. 10. 

Hypotype: —From sample, No. RM 19181, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625826. 

Occurrence :—Generally scarce and only observed in isolated 
samples from the Globigerinatella insueta Zone ( s.l .), and from the 
Globorotalia foil si “Zone" (/./.), Tocuyo and Pozon formations. 

Robulus oecidontalis torridus (Cushman) 

CristcUaria occidcntalis Cushman var. torrida Cushman, 1923, U.S. Nat. 

Mus., Bull. 104, p. 105, pi. 25, fig. 1 ( fide Ellis and Messina, 1940 ct scq.). 
Robulus ocridrnlalis (Cushman) var. torridiis (Cushman), Cushman and 
Jarvis, 1930, Jour. Pal., vol. 4, No. 4, p. 357, pi. 32, figs. 8a-b. 

Hypotype: —From sample, No. RM 19180, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625827. 

Occurrence :—Fairly common m all zones of the Tocuyo and 
Pozon formations below the Sphaeroidinella semimdma Zone. 

Robulus protubernns (Cushman) 

CristcUaria protuberans Cushman, 1918, U.S. Nat. Mus., Bull. 103, p. 61, 
pi. 22, fig. 2 (fide Ellis and Messina, 1940 ct scq.). 

Robulus protuberans (Cushman), Galloway and Heminway, 1941, New 

York Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 
351, pi. 11, figs.l3a-b. 

Hypotype: —From sample, No. RM 19151, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625828. 

Occurrence: —Scarce, only observed in isolated samples from 
the Globigernatella insueta/ Globigerinoides triloba Subzone, To¬ 
cuyo formation. 

Robulus sonni Cushman and Renz PI. 6, fig. 15 

Robulus senni Cushman and Renz, 1941, Cushman Lab. Foram. Res., Contr., 
vol. 17, pt. 1, p. 12, pi. 2, figs. 14-15. 

Remarks: —Ibis form shows considerable variation in the 
degree of uncoiling and thickness of the test. Earlier forms seem to 
be thicker and less uncoiled than later forms. It is possible that 
it may be related to Robulus subaculeatus glabratus Cushman. 
Hypotype: —From sample, No. RM 19820, auger line near 
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Pozon, eastern Falcon; Plate 6, figure 15, deposited in U.S.N.M. 
collection, No. 625829. 

Occurrence: —Common in the upper part of the Globorotalia 
rnenardii menardii/Globigerina nepenthes Zone and in the Sphae- 
roidinella seminulina Zone, Pozon formation. Renz (1948) used the 
partial occurrence of this species to define his Robulns senni Zone. 
The upper boundary of this Robulus senni Zone is strongly in¬ 
fluenced by facies with the incoming of somewhat impoverished 
facies faunas in the Pozon area; whilst at El Mene de Acosta, 
environmental conditions were such that the “normal” faunas of the 
Robulus senni Zone continued to a higher stratigraphies! level. 
Hence, the upper boundary of the “zone” is strongly diachronous 
between the two areas. Indeed, in the Pozon-El Mene Road section 
there is an alternation and interdigitation of facies so that it is 
not always possible to separate unambiguously the Robulus senni 
“Zone” from the Trochammina cf. pacifica-Vaginulinopsis super- 
bus Zonule. 

Kobuliis suhaeuleatus glabratus (Cushman) 

Cristellaria subaculeata Cushman var. glabrata Cushman, 1923, U.S. Nat. 
Mus., Bull. 104, p. 124, pi. 32, fig. 4 {fide Ellis and Messina, 1940 et seq.). 

Robulus subaculeatus (Cushman) var. glabratus (Cushman), Renz, 1948, 
Geol. Soc. Amer., Mem. 32, p. 160, pi. Ill, figs. 20-21. 

Remarks :—This subspecies shows considerable variation in 
morphology. The earlier forms are often tightly coiled and have a 
generally stoutly built test with strongly developed ornamentation. 
Later forms show a considerable degree of uncoiling with less well- 
developed ornamentation and a somewhat more compressed test. 

Idypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625830. 

Occurrence :—Common in the Catapsydrax stainforthi Zone 
and Globigerinatella insueta Zone {s.l. ), Tocuyo formation and 
Pozon formation; also in the Globorotalia fohsi “Zone” (s.l.), and 
the Globorotalia mayeri Zone (s.l.); occasional specimens have 
been observed in the Globorotalia menardii menardii/Globigerina 
nepenthes Zone, Pozon formation. 

Kohuliis suteri Cushman and Renz 

Robulus suteri Cushman and Renz, 1941, Cushman Lab. Foram. Res., Contr., 
vol. 17, pt. 1, p. 10, pi. 2, figs. 5-8. 
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flypotype: —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625832. 

Occurrence :—Generally scarce but observed in samples from 
all zones of the Tocuyo and Pozbn formations below the top of 
the Globorotalia menardu menardii/Globigerina nepenthes Zone. 

Robulus vortex (Fichtel and Moll) 

Xautilus vortex Fichtel and Moll, 1798, Test. Micro., p. 33, pi. 2, figs, d-i 

(fide Ellis and Messina, 1940 et serj .). 

Cristellar'ui vortex (Fichtel and Moll), Brady, 1884, Challenger Exped., Rept. 

Zool., vol. 9, p. 548, pi. 69, figs. 14-16. 

Robulus vortex (Fichtel and Molt), Renz, 1948, Geol. Soc., Anver., Mem. 32, 

p. 161. 

Ilypotype: —From sample, No. RM 19340, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625834. 

Occurrence :—Scarce, only observed in isolated samples from 
the Globorotalia johsi “Zone” ( s.l. ), Pozon formation. 

Robulus vvallncei (Hedberg) PI. 6, figs. 16, 17 

Marginulina wallacci Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 670, pi. 

90, figs. 15-17. 

Robulus wallacci (Hedberg), Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 161, 

pi. IV, figs. 19-20. 

Remarks :—Hedberg described this form as belonging to the 
genus Marginulina, but Renz included the species in the genus 
Robulus. It shows considerable variation in morphology. The ear¬ 
lier forms are closely coiled with well-developed ornamentation and 
with characteristic tangential “cross-bars”. The later forms show 
the last 2-3 chambers uncoiled and often devoid of ornamentation. 
In the uncoiled forms, the last chamber may be rather pointed and 
the aperture subterminal and not peripheral as in the earlier more 
tightly coiled chambers. Ornamentation is variable and generally 
later forms show a rather more weakly developed ornamentation. 

Ilypotype :—From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; Plate 6, figure 17, deposited in U.S.N.M. 
collection, No. 625835; Plate 6, figure 16, from sample RM 19179, 
also deposited in U.S.N.M. collection, No. 625836. 

Occurrence :—Renz used this form to define his Robulus 
zuallacei Zone, Tocuyo formation, which is equivalent to the Catap - 
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sydrax stainjorthi Zone plus the Globigerinatella insueta/Globi- 
gerinoides triloba Subzone. It is often abundant in this interval to 
which it appears restricted. 

Genus SARACENARIA Defrance, 1824 

Saracenaria italica aeutoearinata (Cushman) 

Cristellaria italica (Defrance) var. aeutoearinata Cushman, 1917, U.S. Nat. 

Mus., Proc., vol. 51, No. 2172, p. 661 {fide Renz, 1948). 

Saracenaria italica Defrance var. aeutoearinata (Cushman), Renz, 1948, 
Geol. Soc. Anrer., Mem. 32, p. 162, pi. V, fig. 19. 

Hypotype :—From sample, No. RM 19280, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625837. 

Occurrence :—Scarce and only observed in isolated samples 
from the Globigerinatella insueta Zone ( s.L ), Tocuyo and Pozon 
formations. 

Saracenaria italica carapitana Franklin 

Saracenaria italica Defrance var. carapitana Franklin, 1944, Jour. Pal., vol. 
18, p. 312, pi. 45, fig. 14. 

Hypotype :—From sample, No. RM 19181, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625839. 

Occurrence'. —Scarce and only occurs sporadically in samples 
from the Globigerinatella insueta Zone (s.L) and Globorotalia fohsi 
“Zone” (s.L), Tocuyo and Pozon formations. 

Saracenaria latifrons (Brady) 

Cristellaria latifrons Brady, 1884, Challenger Exped., Rept., Zool., vol. 9, 
p. 544, pi. 113, figs, lla-b. 

Saracenaria latifrons (Bradv), Renz, 1948, Geol. Soc. Amer., Mem. 32', p. 
162, pi. V, fig. 22. 

Hypotype :—From sample, No. RM 19279, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625841. 

Occurrence :—Scarce and only observed in isolated samples 
from the Globigerinatella insueta/Globigerinoides bispherica Sub¬ 
zone, and the Globorotalia mayeri Zone (s.L), Pozon formation. 

Saracenaria sciiencki Cushman and Hobson 

Saracenaria schencki Cushman and Hobson, 193 5, Cushman Lab. Foram. 
Res., Contr., vol. 11, pt. 3, p. 57, pi. 8, fig. 11 ( fide Ellis and Messina, 
1943 et seq.). 
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Ilypotype :—From sample, No. RM 19116, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625843. 

Occurrence: —Scarce but occurs sporadically in isolated samples 
from all zones of the Tocuyo and Pozon formations below and in 
the Globorotalia menardii menardii/Globigerina nepenthes Zone. 

Saraeenaria semi! Hedberg 

Saraccnaria scnni Iledberg, 1937, Jour. Pal., vol. 11, No. S, p. 674, pi. 90, 
figs. 18a-b. 

Ilypotype :—From sample, No. RM 19116, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625845. 

Occurrence :—Scarce, only seen in isolated samples from the 
Catapsydrax stainforthi Zone and Globigerinatella insueta/Globi- 
gerinoides triloba Subzone, Tocuyo formation. 

Genus YAGIM LI\ V d’Orbigny, 1826 
Yaginnllna alazaneiisis Nuttall 

Vag'mulina alazancnsis Nuttall, 1932, Jour. Pal., vol. 6, No. 1, p. 17, pi. 1, 
fig. 11. 

Ilypotype :—From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625847. 

Occurrence :—Scarce, only observed in isolated samples from 
the Globigerinatella insueta Zone (s.l .), Globorotalia fohsi baris- 
anensis Zone and Globorotalia fohsi fohsi Zone, Tocuyo and Pozon 
formations. 

Yagiiuilina siiblituus (Nuttall) PI. 7, fig. IS 

Astacalus sublituus (Nuttall), Galloway and Ileminway, 1941, New York 
Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 33 5, 
pi. 8, figs, lla-b. 

Remarks: —The initial coil is small, consisting of three or four 
chambers in contact with the proloculum. Sutures of the later 
chambers are directed towards the aperture at the ventral margin 
but become transverse and horizontal, meeting the dorsal margin 
very nearly at right angles. Test much compressed. This species 
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seems to be best placed in tbe genus Vaginulina as emended by 
Bartenstein (1948). 

Hypotype: —From sample, No. RM 19117. auger line near 
Pozon, eastern Falcon; Plate 7, figure 18, deposited in U.S.N.M. 
collection, No. 625849. 

Occurrence :—Fairly common in the Catapsydrax stainforthi 
Zone and recorded in isolated samples from the Globigerinatella 
insuet a Zone (s.L ), Tocuyo and Pozon formations. 

Genus VAGIN ULINOPSIS Silvestri, 1904 
Yaginiiliiiopsis superbus (Cushman and Renz) PI. 6, fig. 19 

Marginulitia supcrba Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 14, pi. 2, figs. 19-20. 

Vaginulinopsis superbus (Cushman and Renz), Renz, 194S, Geol. Soc. Ainer., 
Mem. 32, p. 177, pi. IV, figs. I7a-b, IS. 

Hypotype :—From sample, No. RM 19849, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 19, deposited in U.S.N.M. col¬ 
lection, No. 625850. 

Remarks :—Occasional specimens have been observed m the 
middle part of tbe Globorotalia menardii menardii Globigerina 
nepenthes Zone, becoming fairly common in tbe lower part of the 
Sphaeroidinella seminulina Zone but rather scarce in the middle 
to upper part of the same zone. It does not persist into the Globi¬ 
gerina bidloides Zone. 

Family POLV^ORPHIXIRAK 
Genus GLAXRULINA d’Orbigny, 1826 
Glamlulina laevigata d’Orbigny 

Nodosaria ( Glandulina ) laevigata d’Orbigny, 1826, Ann. Sci. Nat., Paris, 
ser. 1, vol. 7, p. 252, pi. 10, figs. 1-3 ( fide Ellis and Messina, 1940 et seq.). 

Pseudoglandulina laevigata (d’Orbigny), Renz, 1948, Geol. Soc. Amer., 
Mem. 32, p. 154, pi. V, figs. 14-15. 

Remarks :—The specimens observed by the writer appear to 
be typical of the species and show the biserial early stage. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625852. 

Occurrence :—Generally scarce, but observed in all zones of 
the Tocuyo and Pozon formations below the Sphaeroidinella seminn - 
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Una Zone. Often occurs associated with mainly planktonic faunas. 


Genus UrTTl LlXA d’Orbigny, 1839 
Guttnliiiii irregularis (d’Orbigny) 

Globulina irregularis d’Orbigny, 1846, Foraminiferes fossils du bassin 
tertiaire de Vienne (Autriche), p. 226, pi. 13, figs. 9-10. ( fide Ellis and 
Messina, 1940 et seq.). 

Guttulina irregularis (d’Orbigny), Cushman and Ponton, 1932, Florida Geol. 
Surv., Bull. 9, p. 64, pi. 9, figs. 10-12. 

IIypolype :—From sample, No. RM 19180, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625854. 

Occurrence :—Scarce and only observed in a few isolated sam¬ 
ples from the Globigerinatella insueta/Globigerinoides triloba Sub¬ 
zone and in the lower part of the Globigerinatella insueta/Globi¬ 
gerinoides bispherica Subzone, Tocuyo formation. It is usually as¬ 
sociated with mainly planktonic faunas. 

Guttiiliuu jarvisi Cushman and Ozawa 

Guttulina jarvisi Cushman and Ozawa, 1930, U.S. Nat. Mus., Proc., vol. 
77, No. 2829, p. 39, pi. 8, figs. 4-5. 

Hypotype: —From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625856. 

Occurrence :—Scarce and only observed m a few samples from 
the Globigerinatella insueta/Globigerinoides bispherica Subzone, 
Pozon formation. 


Family XOMOMI) VE 

Genus ELPIlIIUrM Montfort, 1808 

Elpliidium poeyaniini (d’Orbigny) FI. 7, fig. 20 

Polystomella poeyana d’Orbigny, 1839, '‘Foraminiferes” in de la Sagra, 
Histoire physique, politique et naturelle de l’Tle de Cuba, p. 55, pi. 6, figs. 
25-26 ( fide Ellis and Messina, 1940 et seq.). 

Elphidium poeyanum (d’Orbignv), Cushman, 1930, U.S. Nat. Mus., Bull. 
104, p. 25, pi. 10, figs. 4-5 (fide Renz, 1948). 

Remarks: —A fairly distinctive form with rather inflated cham¬ 
bers and moderately depressed sutures. The retral processes are not 
well marked. 

Hypotype: — From sample, No. RM 20131, auger line near 
Pozon, eastern Falcon; Plate 7, figure 20, deposited in U.S.N.M. 
collection, No. 625858. 
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Occurrence'. —Observed in isolated samples from the upper 
part of the Sphaeroidinella seminvlina Zone and infrequently in the 
lower part of the overlying Globigerina bulloides Zone, but becomes 
comparatively common in the higher part of this latter zone indi¬ 
cating an approach to brackish-water conditions. It is common in 
the Ojo de Agua formation which overlies the Pozon formation, 
where it is often associated with Chara seeds. 

Genus XOXIOX Montfort, ISOS 
Xonion affinis (Reuss) 

Noniottina affinis Reuss, 1851, Deutsch. Geol. Ges., Zeitschr., vol. 3, p. 72, 
pi. 5, figs. 32a-b {fide Ellis and Messina, 1940 et seq.). 

Nonion affine (Reuss), Cushman, 1929, Cushman Lab. Foram. Res., Contr., 
vol. 5, p. 89, pi. 13, fig. 24. 

Hypotype :—From sample, No. RM 19181, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625860. 

Occurrence :—Generally scarce but occurs in the Catapsydrax 
stainforthi Zone, Globigerinatella insueta Zone (s.l.), Globorotalia 
fohsi “Zone” ( s.l. ), and Globorotalia mayeri Zone ( s.l. ), Tocuyo 
and Pozon formations. This species of Nonion seems to occur in a 
possible deepwater environment as evidenced by its association 
with mainly planktonic faunas. 

Nonion eostiferns* (Cushman) 

Nonionina eoslifera Cushman, 1926, Cushman Lab. Foram. Res., Contr., 
vol. 1, p. 90, pi. 13 ( fide Ellis and Messina, 1940 et seq.). 

Nonion costiferum (Cushman), Renz, 1948, Geol. Soc. Amer., Mem. 32, 
p. 148, pi. VI, figs. 5a-b, pi. XII, figs. 6a-b. 

Hypotype :—From sample, No. RM 19360, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625862. 

Occurrence: —Ubiquitous, occurring in all zones of the upper 
Tocuyo and Pozon formations below and in the Sphaeroidinella 
seminulina Zone. Varies considerably in frequency and often asso¬ 
ciated with Bolivina imporcata and Uvigerina isidroensis , suggest¬ 
ive of a rather shallow but clear water environment. 

Xonion incisns kemensis Kleinpell 

Nonion incisum (Cushman) var. kernensis Kleinpell, 1938, Amer. Assoc. 
Petr. Geol., Spec. Pub., p. 232. 

Nonion incisum (Cushman) var. kernensis Kleinpell, Renz, 1948, Geol. Soc. 
Amer., Mem. 32, p. 148, pi. VI, figs. 4a-b. 


* Montfort used Nonion in masculine gander.—Ed. 
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Hypotype :—From sample. No. RM 19360, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625864. 

Occurrence :—Similar to Nonion costijerus but often occurs 
as well with mainly shallow-water arenaceous assemblages in the 
Sphaeroidinella seminulina Zone and Globigerina bulloides Zone, 
Pozon formation. 

Nonion ponipilioides (Fichtel and .Moll) 

Nautilus pompilionles Fichtel and Moll, 1798, Testacea microscopica aliaque 
minuta ex generibus Argonauta et Nautilus, p. 31, pi. 2, figs, a-c, 1803 
reprint. ( Fide Ellis and Messina, 1940 ct srq.). 

Nonion pompilioidcs (Fichtel and Moll), Cushman, 1929, Cushman Lab. 
Foram. Res., Contr., vol. 5, p. 89, pi. 13, figs. 25a-b. 

Hypotype :—From sample. No. RM 19181, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625866. 

Occurrence :—Fairly common in the Catapsydrax stainforthi 
Zone, Globigerina tella in-suet a Zone (sJ. ), and Globorotalia johsi 
barisanensis Zone, Tocuyo and Pozon formations. Also observed in 
isolated samples containing mainly planktonic assemblages from 
the Globorotalia johsi johsi Zone and Globorotalia johsi lobata Zone, 
Pozon formation. 


Family IfETEROIIE LICI1 > AE 

Genus PIJK TOI ROXDHTLA HI A Liebus, 1903 

PleetofrondieulariiL californica Cushman and Stewart 

Plectojrondicularia californica Cushman and Stewart, 1926, Cushman Lab. 
Forain. Res., Contr., vol. 2, p. 39, pi. 6, figs. 9-11 (fide Ellis and Messina. 
1940 et srq.). 

Plectojrondicularia calif ornica Cushman and Stewart, Cushman, 1929, Cush¬ 
man Lab. Foram. Res., Contr., vol. 5, p. 90, pi. 13, figs. 18-19. 

Hypotype: —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625868. 

Occurrence :—Generally scarce and only observed in isolated 
samples from the Globigerinatella insueta Zone (s.l.) 9 Tocuyo and 
Pozon formations. 

I’leetofroiidiciilarhi floridana Cushman 

Plectojrondicularia floridana Cushman, 1930, Florida Geol. Surv., Bull. 4, 
p. 41, pi. 8, fig. 1 (fide Ellis and Messina, 1940 ct scq.). 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625870. 
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Occurrence :—Fairly common in all zones of the Tocuyo and 
Pozon formations below the Sphaeroidinella semimdina Zone, but 
only observed as single specimens in isolated samples within the 
lower to middle part of this latter zone. 

rieetofrondicuhiriii cf. longistriala LeRoy 

cf Plcctofrondicularia longlstriata LeRoy, 1939, Natuurk. Tijdschr. Nederl. 
Indie, deel 99, afl. 6, p. 241, pi. 5, figs. 4-6 (fide Ellis and Messina, 1940 
ct scq.). 

cf. Plcctofrondicularla longlstriata LeRov, 1944, Colorado School Mines, 
Quart., vol. 39, No. 3, p. 25, pi. 1, fig. 51; pi. 5, fig. 38. 

Remarks :—The specimens seen in Falcon are usually broken 
and fragmentary and, therefore, only tentatively referred to Le¬ 
Roy’s species, although they seem to agree in general characteris¬ 
tics. The costae are rather variable, sometimes being well developed 
and in other specimens being weakly developed. 

Hypotype: —From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625872. 

Occurrence :—Scarce and only observed as single specimens in 
isolated samples from the Globigerinatella insuet a/Globigerinoides 
bispherica Subzone, Globorotalia fohsi “Zone” ( s.l.) y Globorotalia 
mayeri Zone ( s.l. ) and Globorotalia menardii menardii/Globigerina 
nepenthes Zone, Pozon formation. 

Plectofrondlcularia mansfieldi Cushman and Ponton 

Pled of rondicul aria mansfieldi Cushman and Ponton, 1931, Cushman Lab. 
Foram. Res., Contr., vol. 7, p. 60, pi. 8, figs, la-b (fide Ellis and Messina, 
1940 ct scq .). 

Hypotype\ —From sample, No. RM 19410, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625874. 

Occurrence :—Fairly common in Globorotalia fohsi lobata Zone 
and Globorotalia fohsi robusta Zone but scarce in the Globorotalia 
mayeri Zone (s.l.), the Globorotalia menardii menardii/Globigerina 
nepenthes Zone and in the lower part of the Sphaeroidinella semi - 
nulina Zone, Pozon formation. 

Family BULDIIXIPAE 
Genus AXCd LOGEKLVA Cushman, 1927 
Angulogerina illingi Cushman and Renz 

Angulogerina illingi Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 21, pi. 3, figs. 19-20. 
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Angulogcrina yurnuriana Palmer, 1941, Soc. cubana hist. nat.. Mem., vol. 15, 
No. 2, p. 1S6, pi. 15, fig. S. 

Angulogcrina illingi Cushman and Renz, Renz, 1948, Geol. Soc. Amer., Mem. 
32, p. 114, pi. VII, figs. 31, 32a-b. 

Remarks :—Generally rather similar to Angulogerina cooperen- 
sis Cushman but has a more carinate and triangular test with a 
virtual absence of ornamentation. 

Hypotype: —From sample, No. RM 19507, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625876. 

Occurrence :—Only seen in isolated samples from the Globoro - 
talia. fohsi robusta Zone, and in the Globorotalia mayeri Zone ( s.l. ), 
Pozon formation. 


Genus KOLIYIXA d’Orbigny, 1S39 
Holh ina advena Cushman 

Bolivina advena Cushman, 1925, Cushman Lab. Foram. Res., Contr., vol. 1, 
No. 8, p. 29, pi. 5, fig. 1 ( fide Ellis and Messina, 1940 et seq.). 

Hypotype: —From sample, No. RM 19791, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625878. 

Occurrence :—Scarce in the upper part of the Globorotalia 
menardii menardii Globigerina nepenthes Zone but fairly common 
in the Sphaeroidinella seminulina Zone, Pozon formation. 

llolivina alazanensis Cushman 

Bolivina alazanensis Cushman, 1926, Cushman Lab. Foram. Res., Contr., 
vol. 1, p. 82, pi. 12, figs, la-b ( fide Ellis and Messina, 1940 et seq.). 

Remarks: —The sutures of this form are distinctly limbate and 
the marginal part of the chambers strongly directed towards 
the initial end of the test. The median suture forms a distinct ridge. 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625880. 

Occurrence: —Only seen in isolated samples from the Catapsy- 
drax stainforthi Zone, Tocuyo formation. 

Rolivina by rain on sis Cushman 

Bolivian caelata Cushman var. byramensis Cushman, 1923, U.S. Geol. Surv., 
Prof. Paper 133, p. 19, pi. 1, fig. 9. 

Bolivian byramensis Cushman, 1937, Cushman Lab. Foram. Res., Spec. Publ. 
9, p. 69, pi. 8, figs. 18-20. 
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Hypotype :—From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625882. 

Occurrence: —Fairly common in the Catapsydrax stainforthi 
Zone but rather scarce in the Globigennatella insueta Zone (s.l .), 
and Globorotalia fohsi “Zone” (s.l. ), Tocuyo and Pozon forma¬ 
tions. 

Bolivina caudriae Cushman and Kenz 

Bolivina caudriae Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 19, pi. 3, figs. 13-14. 

Remarks: —This species appears to be closely related to Bo- 
livina arta Macfadyen but is generally smaller and with a less 
compressed test. Also this species has curved sutures. 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625884. 

Occurrence: —Only observed in isolated samples from the 
Catapsydrax stainforthi Zone and Globigennatella insueta Zone 
(s.l. ), Tocuyo and Pozon formations. 

Bolivina imporeata Cushman and Renz 

Bo livina floridana Cushman var. imporeata Cushman and Renz, 1944, Cush¬ 
man Lab. Foram. Res., Contr., vol. 20, pt. 3, p. 78. 

Bolivina imporeata Cushman and Renz, Renz, 1948, Geol. Soc. Amer., Mem. 
32, p. 118, pi. VII, figs. 3a-b. 

Remarks: —Originally described as a variety of Bolivina flori¬ 
dana Cushman, but this form appears to he distinctly different 
from this species considering the more elongate nature of its test 
and chambers. Some specimens show elongate gently tapering tests 
with the last two chambers rather inflated. 

Hypotype: —From sample, No. RM 19320, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625886. 

Occurrence: —Occurs throughout the Pozon formation and 
often especially abundant in Globorotalia fohsi “Zone” (s.l.) but 
becomes scarce in the Globigerina bulloides Zone, Pozon formation. 

Bolivina isidroensis Cushman and Renz 

Bolivina isidroensis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 17, pi. 3, fig. 8. 
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Hypotype :—From sample. No. RM 19320, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625888. 

Occurrence :—Common in the Globorotalia fohsi “Zone” ( s.l .), 
Globorotalia mayeri Zone (/./.), and Globorotalia menardii men- 
ardii/Globigerina nepenthes Zone but becomes scarce in the Sphae- 
roidinella seminulina Zone, Pozon formation. 

Bolivina inarginata nmlticostnta Cushman 

Bolivina margitiata Cushman var. multicostata Cushman, 1930, Florida Geol. 

Surv., Bull., pt. 6, pi. S, figs. 13-14 (fide Ellis and Messina, 1940 ct scq.). 

Hypotype: —From sample, No. RM 19784, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625890. 

Occurrence :—Only observed by the writer in the upper part 
of the Globorotalia menardii menardii/Globigerina nepenthes Zone 
and in the lower part of the Sphaeroidinella seminulina Zone, Pozon 
formation. Renz (1948), however, recorded this species as occur¬ 
ring nearly throughout all of the upper Tocuyo and Pozon forma¬ 
tions. 

Bolivina pisciformis Galloway and Morrey PI. 6, fig. 21 

Bolivina pisciformis Galloway and Morrey, 1929, Bull. Amer. Pal., vol. 15, 

No. 55, p. 36, pi. 5, fig. lo! 

Remarks: —This species has a broad test in which the marginal 
ends of the chambers are strongly directed to the initial end. This 
species resembles Bolivina alazanensis Cushman but has narrower 
chambers. 

It differs from Bolivina alata (Seguenza), with which it has 
been confused, by having broader later chambers. 

Hypotype :—From sample, No. RM 19320, auger line near 
Pozon, eastern Falcon; Plate 7, figure 21. deposited in U.S.N.M. 
collection, No. 625892. 

Occurrence'. —This species seems to be restricted to, and is 
fairly common in, the Gatapsydrax stainforthi Zone, Globigerina- 
tella insueta . Zone (s.l. ) and Globorotalia fohsi “Zone” ( s.l.) y To¬ 
cuyo and Pozon formations. 

Bolivina pozonensis Cushman and Renz 

Bolivina pozoticnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 

Contr., vol. 17, pt. 1, p. 16, pi. 3, fig. 6, 
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Remarks :—This species is distinct from Bolivina mantaensis 
Cushman, largely because of this species’ “coarsely perforate wall 
structure’'. The fine longitudinal costae mentioned by Cushman 
and Renz in their type description seem to be a variable feature. 
In some specimens these costae are pronounced; in others, costae 
can only be observed when the specimen is moistened. 

Hypotype :—From sample. No. RM 19460, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625894. 

Occurrence :—Fairly common in the Globorotalia fohsi robust a 
Zone, Globigerina mayeri Zone ( si .) and in the Globorotalia men- 
ardii menardii/Globigerina nepenthes Zone. It becomes scarce in 
the lower part of the Sphaeroidinella seminulina Zone, Pozon for¬ 
mation. 

Bolivina psendobeyrichi Cushman PI. 6, fig. 22 

Non Bolivina beyrichi Reuss var. alata (Segu-enza), Brady, 1884, Challenger 
Exped. Rept., Zool., vol. 9, p. 422, pi. 53, figs. 2-4. 

Bolivina beyrichi var. alata Cushman {non Seguenza), 1911, U.S. Nat. Mus., 
Bull. 71, pt. 2, p. 35, text-Fig. 57, ( fide Prooger, 1953). 

Bolivina psendobeyrichi Cushman, 1937, Contr. Cushman Lab. Foram. Rec., 
Spec. Pub. 9, p. 139, pi. 19, figs. 4, 5 {fide Drooger, 1953). 

Bolivina alata Renz {non Sequenza), 1948, Geol. Soc. Amer., Mem. 32, p. 
116, pi. VII, fig. 26; pi. XII, figs. 12 a-b. 

Remarks :—This species appears to be related to Bolivina bey¬ 
richi Reuss but possesses a more-or-less continuous keel of clear 
shell material between the peripheral spines. Drooger (1953, p. 131) 
pointed out that most West Indian references of Bolivina alata are 
different from Seguenza’s type. 

Hypotype :—From sample, No. RM 19400, auger line near 
Pozon, eastern Falcon; Plate 6, figure 22, deposited in U.S.N.M. 
collection, No. 625895. 

Occurrence :—Occurs, but is scarce, in the Globorotalia fohsi 
“Zone” ( s.L ) and in the lower part of the Globorotalia mayeri Zone 
(y./.), Pozon formation. 

Bolivina simplex Cushman and Renz 

Bolivina interjuncta Cushman var. simplex Cushman and Renz, 1941, Cush¬ 
man Lab. Foram. Res., Contr., vol. 17, pt 1, p. 20, pi. 3, fig. 15. 
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Bolivina simplex Cushman and R-enz, Renz, 194S, Geol. Soc. Ainer., Mem. 32, 
p. 119, pi. VII, figs. 4a-b. 

Son BoUvina simplex Phleger and Parker, 1951, Geol. Soc. Amer., Mem. 46, 
pt. 2, p. 14, pi. 7, figs. 4-6. 

Remarks :—Renz elevated the Cushman and Renz variety to 
specific rank in 1948. Bolivina simplex Phleger and Parker, 1951 
is distinctly different from the strongly costate species of Cush¬ 
man and Renz. 

Ilypotype: —From sample, No. RM 19789, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625897. 

Occurrence :—First observed, and scarce, in the Globorotalia 
johsi johsi Zone, but becomes abundant in the upper part of 
Globorotalia menardii menardii/Globigerina nepenthes Zone and 
common in the overlying Sphaeroidinella senunulina Zone, Pozon 
formation. The distribution and abundance of this form seems 
to be closely controlled by ecological conditions since it occurs in 
floods in isolated samples but may be scarce in stratigraphically ad¬ 
jacent samples. 

Hoiiviiiii suteri Cushman and Renz 

Bolivina suteri Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 18, pi. 3, fig. 9. 

Remarks :—A distinctive form with highly inflated chambers 
and incised sutures. 

Ilypotype :—From sample, No. RM 19450, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625899. 

Occurrence :—Only observed in a few samples from the Globo¬ 
rotalia johsi robusta Zone and Globorotalia mayeri Zone (s.l.) r 
Pozon formation. 

Kiilivinn tiiulnumn! Renz 

Bolivina thalmanni Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 120, pi. XII, 
figs. 13a-c. 

Remarks'. —This species is quite distinctive mainly because 
of its coarse reticulate ornamentation, but it may be related to 
Bolivina cancellata Bermudez. 

Ilypotype: —From sample, No. RM 19536, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625901. 
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Occurrence: —Observed only in isolated samples from the 
Globorotalia mayeri Zone (s.l. ), Pozon formation. 

Genus 1UL1311XA d’Orbigny, 1S26 
IStilimiiia iilnzaiiensis Cushman 

Bulimina alazanetisis Cushman, 1927, Jour. Pal., vol. 1, p. 161, pi. 25, fig. 

4 (fide Ellis and Messina, 1940 et seq.). 

Hypotype :—From sample. No. RM 19445, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625903. 

Occurrence :—Occurs, but is scarce, in the Catapsydrax stain- 
jorthi Zone and Globigerinatella insneta Zone (s.l.) but becomes 
common to abundant in the Globorotalia fohsi lobata Zone, the 
Globorotalia fohsi robust a Zone, and in the Globorotalia mayeri 
Zone (s.l. ), Tocuyo and Pozon formations. Scarce in sediments 
younger than the latter zone. 

Riilimina alligata (Cushman and Laiming) PI. 6, fig. 23 

Bulimina inf lata Seguenza var. alligata Cushman and Laiming, 1931, Jour. 

Pal., vol. 5, No. 2, p. 107, pi. 11, figs. 17a-b (fide Ellis and Messina, 1940 

et seq.). 

Remarks: —The writer considers that this form is distinct from 
Bulimina inf lata, and accordingly it is elevated to specific rank. 
The costae are fairly weak but arranged generally in longitudinal 
lines. The chambers are axially longer than in Bulimina inf lata. 
especially the last chamber, but the spines are not so well pro¬ 
nounced. The aperture is also rather more elongate than in Buli¬ 
mina inf lata Seguenza. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 6, figure 23, deposited in U.S.N.M. 
collection, No. 625905. 

Occurrence: —Seems to be restricted to the upper Tocuyo 
formation and the Pozon formation below the middle part of the 
Globorotalia menardii menardii/Globigerina nepenthes Zone. 

linliniina faleonensis Renz 

Bulimina faleonensis Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 121, pi. VI, 

figs. 15a-b. 

Remarks: —Renz (1948) considered his species to be identical 
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with Bulimina buchiana Cushman and Ponton, 1932. However, the 
name Bulimina buchiana was used by D'Orbigny in 1846; hence 
Bulimina buchiana Cushman and Ponton, 1932 is a homonym of 
Bulimina buchiana d'Orbigny, 1846 and, therefore, invalid. 

Bulimina falconensis is probably closely related to Bulimina 
sculptis Cushman, 1923 (non Renz, 1942) but can be distinguished 
from the latter species by the less regular costae some of which do 
not reach the initial end of the test. The chambers of Bulimina 
sculptis Cushman are more inflated than in Bulimina falconensis. 

Hypotype :—From sample, No. RM 19460, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625907. 

Occurrence :—Scarce in the Globorotalia fohsi lobata Zone but 
becomes fairly frequent in the Globorotalia fohsi robusta Zone and 
in the Globorotalia mayeri/Globorotalia lenguaensis Subzone, Pozon 
formation. 

Bulimina intlafo. Seguenza 

Bulimina inflata Seguenza, 1S62, Accad. Gio-enia Sci. Nat., Atti., ser. 2, vol. 
18, p. 109, pi. 1, fig. 10 ( fide Ellis and Messina, 1940 ct scq.). 

Hypotype: —From sample, No. RM 19300, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625909. 

Occurrence :—Fairly common throughout the upper Tocuyo 
and Pozon formations, although it only occurs sporadically in the 
uppermost part of the Sphaeroidinella seminulina Zone. 

Bulimina pupoides d’Orbigny 

Bulimina pupoidcs d’Orbigny, 1846, Foraminiferes fossiles du bassin ter- 
tiaire de Vienne (Autriche), p. 185, pi. 11, figs. 11-12. ( Fide Ellis and 
Messina, 1940, ct scq.). 

Remarks: —The form is rather variable: in some forms the last 
chamber embraces most of the earlier test; in others as many as 
three or four earlier whorls are visible. However, all gradations 
exist between these two extremes. Some forms have a fairly well- 
developed basal projection. 

Ilypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625911. 

Occurrence: —This species appears to have a similar strati- 
graphical and ecological distribution to Bulimina (Globobulimina) 
perversa Cushman. 
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Subgenus GLOBOBUEIMEVA Cushman, 1927 
Bulunina (Globobulinilna) perversa Cushman 

Bulimina pyrula d’Orbigny var. perversa Cushman, 1921, U.S. Nat. Mus., 
Bull. 100, vol. 4, p. 163, text-figs 2a-c. 

Bulimina ( Globobulirnina) perversa Cushman, Renz, 1948, Geol. Soc. Amer., 
Mem. 32, p. 122, pi. VI, fig. 16. 

Remarks :—This form shows rather variable morphology: 
some specimens tend to be rather more elongate, others are al¬ 
most as broad as long, but all transitions occur. 

Hypotype :—From sample, No. RM 192SO, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625913. 

Occurrence :—This form seems to be strongly influenced by 
ecological conditions since its occurrence is often sporadic and vari¬ 
able, often associated with rather poor mainly “arenaceous faunas”. 
Generally scarce in all zones below the middle part of the Sphae - 
roidinella seminulina Zone, Tocuyo and Pozon formations. 


Genus BULDIINELLA Cushman, 1911 
Buliniinella basistriata nuda Howe and Wallace 

Buliminclla basistriata Cushman and Jarvis var. nuda Howe and Wallace, 
1932, Louisiana Dept. Cons. Geol. Bull., No. 2, p. 60, pi. 11, fig. 4 ( fide 
Renz, 1948). 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625915. 

Occurrence: —Occurs in variable abundance throughout the 
upper Tocuyo and Pozon formations. It is especially abundant in 
the lower part of the Sphaeroidinella seminulina Zone. It is strongly 
influenced by ecological conditions and often occurs in floods but 
may become scarce in samples only a few feet stratigraphically 
higher or lower. 

Genus EXTOSOLEJSTA Ehrenberg, 1848 
Entosolenia marginata (Walker and Boys) 

Serpula ( Lagena) marginata Walk-er and Boys, 1784, Test, Min., p. 2, pi. 1, 
fig. 7 ( fide Beckmann, 1953). 

Lagena marginata (Walker and Boys), Beckman, 1953, Eclog. Geol. Ilelv., 
vol. 46, No. 2, p. 3 58, pi. 20, fig. 5. 

Remarks: —This form shows the presence of a distinct internal 
tube. Test is rather compressed with a peripheral flange of clear 
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shell material. Aperture at the end of a distinct and fairly long 
neck which is elliptical in cross-section. 

Hypotype :—From sample. No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625917. 

Occurrence :—Ubiquitous and fairly common in all zones below 
the base of the Sphaeroidinella seminulina Zone, Tocuyo and Pozon 
formations. 

Genus KECSSELEA Galloway, 1933 

Reusselhi spinulosa. (Reuss) Pl. 7, fig. 24 

Vcrncuilina spinulosa Reuss, 1859, Akad. Wiss. Wien Denkschr., vol. 1, p. 

374, fig. 12 {f'nic Ellis and M-essins, 1940 ci seq.). 

Reussrlla spinulosa (Reuss), Renz, 1948, Geol. Soc Amer., Mem. 32, p. 156. 

pl. VII, figs. 16-17. 

Ilypotype :—From sample, No. RM 20131, auger line near 
Pozon, eastern Falcon; Plate 7, figure 24, deposited in U.S.N.M. 
collection, No. 625919. 

Occurrence :—Renz recorded this species as being restricted to 
his Elphidium poeyanum-Reussella spimdosa Zonule (= part of 
Globigerina bulloides Zone, Pozon formation), but the present 
writer has observed isolated specimens stratigraphically lower and 
associated with Vaginidinopsis superbus. It is closely associated 
with some species of Rot alia , and its occurrence is strongly gov¬ 
erned by ecological conditions. It may be common in a particular 
sample but may be rare or absent in stratigraphically adjacent 
samples. It has been observed in varying frequency from the 
Sphaeroidinella- seminulina Zone and Globigerina bulloides Zone, 
Pozon formation. 

Genus S1PH0GENEIUXA Schlumberger, 1883 
Siphogenerhia kngleri Cushman and Renz 

Siphogenerina kuglcri Cushman and Renz, 1941, Cushman Lab. Foram. Res., 

Contr., vol. 17, pt. 1, p. 22, pl. 3, figs. 21-22. 

Hypotype :—From sample, No. RM 19282, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625921. 

Occurrence :—Scarce, only observed in samples from the Globi- 
gerin-atella- insuet a/Globigerinoides bisph erica Subzone and Glob - 
orotalia fohsi fohsi Zone, Pozon formation. 
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Siphogenerina Inmellntn Cushman 

Siphogenerina lamellata Cushman, 1918, U.S. Creol. Surv., Bull. 676, p. 55, 
pi. 12, fig. 3. 

Ilypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625923. 

Occurrence :—Common or abundant in all zones of the upper 
Tocuyo and Pozon formations below the Sphaeroidinella semmulina 
Zone. Occasional specimens have been observed in the middle to 
lower part of this latter zone. The disappearance of this species 
may be due to ecological rather than stratigraphical reasons. 

Siphogenerina multieostata Cushman and Jarvis 

Siphogenerina multieostata Cushman and Jarvis, 1929, Cushman Lab. Foram. 
Res., Contr., vol. 5, p. 14, pi. 3, fig. 6 (fide Renz, 1948). 

Ilypotype'. —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625925. 

Occurrence’. —Generally scarce but observed in samples from 
the Globigerinatella in suet a Zone ( s.l .) and in the Globorotalia 
fohsi “Zone" ( s.l .), Tocuyo and Pozon formations. 

Siphogenerina senni Cushman and Renz 

Siphogenerina senni Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 22, pi. 3, figs. 21-22. 

Siphogenerina cummitigsi Galloway and Heminway, 1941, New York Acad. 

Sci., vol. 3, pt. 4 ,p. 433, pi. 34, figs. 6-7. 

Siphogenerina yutnuriana Palmer, 1941, Soc. cubana hist, nat., Mem., vol. 15, 
No. 2, p. 185, pi. 15, figs. 3-4. 

Siphogenerina senni Cushman and Renz, Renz, 1948, Geol. Soc. Amer., Mem. 
32, p. 165, pi. VII, figs. 29a-b, 30. 

Ilypotype: —From sample, No. RM 19116, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625927. 

Occurrence: —Rather scarce, but observed in samples from the 
Catapsydrcix stainforthi Zone, Globigerinatella hisueta Zone (s.l .), 
and in the Globorotalia fohsi “Zone" (s.l.), Tocuyo and Pozon for¬ 
mations. 

Siphogenerina transversa Cushman PI. 6, fig. 25 

Siphogenerina raphanus (Parker and Jones) var. transversus Cushman, 1918, 
U.S. Nat. Mus., Bull. 103, p. 64, pi. 22, fig. 8 (fide Ellis and Messina, 1940 
et seq.). 
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Siphogenerina transversa Cushman, Cushman and Parker, 1931, Cushman 
Lab. Foram. Res., Contr., vol. 7, p. 10, pi. 2, figs. 5, 6 (fide Renz, 1948). 

Siphogenerina transfersa Cushman, Renz, 1948, Geol. Soc. Amer., Mem. 32, 
p. 166, pi. VII. figs. 27, 28, pi. XII, fig. 9. 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; Plate 6, fig. 25, deposited in U.S.N.M. col¬ 
lection, No. 625929. 

Occurrence: —Renz used this species as the zonal index for his 
Siphogenerina transversa Zone. It does not range higher than the 
middle part of the Globorotalia fohsi fohsi Zone. Common to abund¬ 
ant in the Catapsydrax stainforthi Zone, and in the Globigerinatella 
insuet a Zone (/./.), Tocuyo and Pozon formations, hut becomes 
comparatively scarce thereafter. Since there is no apparent change 
of facies over the interval covering the disappearance of this form, 
it is considered that its disappearance is due to stratigraphical 
reasons alone. 

Genus STIL0ST03IELLA Guppy, 1894 
Stilostoinella verneuili (d’Orbigny) 

Dentalina verneuili d’Orbigny, 1846, Foraminiferes fossiles du bassin tertiaire 
de Vienne (Aulriche), p. 48, pi. 2, figs. 7-8. ( Fide Ellis and Messina, 1940 
et seq.). 

FJlipsonodosaria? verneuili (d’Orbigny), Renz, 1948, Geol. Soc. Amer., Mem. 
32, p. 131, pi. VIII, fig. 3-5. 

Remarks: —The specimens observed in the Pozbn-El Mene 
Road section appear to be typical for the species. Stainforth 
(1952b) specifically mentions this species as included in the genus 
Siphonodosaria and gave cogent reasons why Ellipsonodosaria 
should be placed in synonymy with Nodosarella. The latter genus, 
however, has a crescentic aperture whilst the species “verneuili” 
possesses a round aperture with a short collar-hke neck. Later, 
Stainforth (1952c) pointed out that the genus Stilostomella has 
priority over the genus Siphonodosaria. 

Ilypotype: —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625931. 

Occurrence: —Common in all zones of the upper Tocuyo and 
Pozon formations, below the base of the Sphaeroidinella seminulina 
Zone. 
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Genus UVIGK1UN V d’Orbigny, 1S26 

Uvigcrina nuberiaiia attemiata Cushman and Renz 

Uvlgerina auberiana d’Orbigny var. attcnuata Cushman and Renz, Cushman 
Lab. Foram. Res., Contr., vol. 17, p. 21, pi. 3, fig. 17. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625932. 

Occurrence :—Generally rather scarce in all zones of the upper 
Tocuyo and Pozon formations below the Globorotalici menardii 
menardii/Glo big erin a nepenthes Zone. 

Uvigerina capayana Hedberg 

Uvlgerina pygmaea d’Orbigny var. capayana Hedberg, 1937, Jour. Pal., vol. 
11, p. 677, pi. 91, fig. 19. 

Uvlgerina capayana Hedberg, Cushman and Edwards, 193S, Cushman Lab. 
Foram. Res., Contr., vol. 14, p. 80, pi. 14, fig. 1 {fide Renz, 1948). 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625934. 

Occurrence: —Generally common in all zones of the upper 

Tocuyo and Pozon formations below the Globorotalia menardii 
menardii/Globigerina- nepenthes Zone but scarce in this latter zone. 

rvigerina carapitana Hedberg 

Uvlgerina earapltana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 677, pi. 
91, fig. 20. 

Hypotype: —From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625936. 

Occurrence: —Generally common in all zones of the upper 

Tocuyo and Pozon formations below the lower to middle part of 
the Sphaeroidinella seminulina Zone. 

Uvigeriua Cuban a Palmer and Bermudez PI. 8, fig. 26 

Uvlgerina cubana Palmer and Bermudez, 1936, Soc. cubana hist, nat., Mem., 
vol. 10, p. 292, pi. 17, figs. 5-6. 

Remarks: —This species appears to be closely related to 
Uvlgerina gallowayi Cushman, 1926 and possibly to Uvlgerina bar- 
batula Macfadyen. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 8, fig. 26, deposited in U.S.N.M. col¬ 
lection, No. 625938. 
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Occurrence :—Scarce and only observed in isolated samples 
from the Globigerinatella insuet a Zone ( s.l. ), Tocuyo and Pozon 
formations. 

lAigcrina galloway i haslcordata Cushman and Renz 

Uvigerina gallovsayi Cushman var. basicordata Cushman and Renz, 1941, 
Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 21, pi. 3, fig. 18. 

Ilypotype :—From sample. No. RM 19283, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625940. 

Occurrence :—Only observed in isolated samples from the 
Globigerinatella insueta Zone (s.l. ), Tocuyo and Pozon formations. 

Uvigerina cf. Iiaimai Kleinpell 

cf. Uvigerina califortxica Hanna ( non Cushman), 1928, Hull. Atner. Assoc. 

Petr. Geol. , vol. 12, pi. 9, fig. 3 {fide Kleinpell, 1938). 
cf. Uvigerina hannai Kleinpell, 1938, Amer. Assoc. Petr. Geol., Spec. Pub]., 
p. 294. 

Uvigcrtna cf. hatxnai Kleinpell, Renz, 1948 ( pars ), Geol. Soc. Amer., Mem. 
32, p. 174, pi. XII, figs. 16a-b (not fig. 17). 

Remarks :—The writer's specimens do not show the costae 
over the earlier chambers as shown by Renz (1948, pi. XII, fig. 17) 
and as mentioned by Kleinpell (1938, p. 294). However, the speci¬ 
mens appear to be identical to some figured by Renz (1948, pi. XII, 
figs. 16a-b) and only show the slightest trace of rather irregular 
fine costae when the specimens are moistened. The writer's speci¬ 
mens are only tentatively assigned to Kleinpell's species. 

Ilypotype :—From sample. No. RM 19405, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625942. 

Occurrence: —Scarce in the Globorotalia fohsi fohsi Zone but 
becomes common in the Globorotalia fohsi lobata Zone, Globoro¬ 
talia fohsi robusta Zone and also in the Globorotalia mayeri Zone 
(s.l.). Only occasional specimens have been seen in the lower part 
of the Globorotalia menardii menardii/Globigerina nepenthes Zone, 
Pozon formation. 

Uvigorlna isidroensis Cushman and Renz 

Uv'xgcrina isidrocnsis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 20, pi. 3, fig. 16. 

Uv'xgcrina hispido-costata Cushman and Todd, 1945, Cushman Lab. Foram. 
Res., Spec. Pub. 15, p. 51, pi. 7, figs. 27, 31 ( fide Ellis and Messina, 1940 
rt scg.). 
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Remarks :—This form shows considerable variation. I he typi¬ 
cal form is strongly costate with the costae not quite covering the 
last chamber; however, in other forms the costae are wanting on 
the last chamber but small poorly formed pustules may be present. 
All transitions between forms with costae over the complete test 
and forms with pustules over the last chamber are present. The 
number of chambers is also variable. Usually about 4-5 whorls are 
present but sometimes as many as seven are observed with the last 
chamber becoming rather pointed, and the aperture centrally 
placed. 

Ilypotype :—From sample, No. RM 19282, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625944. 

Occurrence :—Ubiquitous but varies greatly in frequency. 
Generally rather scarce in the mainly planktonic facies of the Catap- 
sydrax stainforthi Zone, Globigerinatella insueta Zone ( si. ), and 
in the Globorotalia mayeri Zone (s.L). Often common or abundant 
in the Globorotalia menardii menardii/Globigerina nepenthes Zone, 
and in the Sphaeroidinella semimdina Zone but becomes scarce in 
the overlying Globigerina bulloides Zone, Tocuyo and Pozon forma¬ 
tions. The distribution of this form is strongly dependent on eco¬ 
logical conditions, some samples from the Globorotalia menardii 
menardii/Globigerina nepenthes Zone and Sphaeroidinella semb 
militia Zone have over 95% of the total fauna present as this species. 
It is often associated with Bolivina imporcata and Bolivina simplex. 

Uvig’erina rustica Cushman and Edwards 

U'Vigerina rustica Cushman and Edwards, 1938, Cushman Lab. Foram. Res., 

Contr., vol. 14, p. 83, pi. 14, fig. 6 (fide Renz, 1948). 

Ilypotype :—From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625946. 

Occurrence :—Generally rather scarce in all zones of the upper 
Tocuyo and Pozcn formations below the Globorotalia menardii 
menardii/Globigerina nepenthes Zone. 

Genus YIRGULIX V d’Orbigny, 1S26 
Virgnlina pontoni Cushman 

Virgulina pontoni Cushman, 1932, Cushman Lab. Foram. Res., Contr., voL 

8. p. 17, pi. 3, fig. 7 {fide Ellis and Messina, 1940 et s eq.). 
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Virgulina pontoni Cushman, Renz, 1943, Geol. Soc. Amer., Mem. 32, p. 178 r 
pi. VI, fig. 18. 

Hypotype: —From sample, No. RM 19405, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625948. 

Occurrence :—Fairly common in the Globorotalia fohsi “Zone” 
( s.l. ) and Globorotalia mayeri Zone ( s.l.), Pozon formation. 

Family H0TALI1DAE 
Genus CAXCKIS Montfort, ISOS 
Caiieris paiiiiinensis Natlancl 

Cancris panamensis Natland, 1938, Scripps Inst. Oceanog., Bull. Tech. Ser., 
vol. 4, No. 5, p. 148, pi. 6, figs, la-c {fide Ellis and Messina, 1940 et seq.). 

Hypotype :—From sample. No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625950. 

Occurrence: —Common in all zones of the upper Tocuyo and 
Pozon formations below the Globigerina bulloides Zone. 

Cimcris sagra (d’Orbigny) 

Rotalia sagra d'Orbigny, 1839, “Foraminiferes”, in de la Sagra, Ilistoire 
physique, politique et naturelle de Tile de Cuba, p. 77, pi. 5, figs. 13-15 

{fide Ellis and Messina, 1940 et seq.). 

Cancris sagra (d’Orbigny), Cushman, 1931, U.S. Nat. Mus., Bull. 104, pt. 8, 
p. 74, pi. 15, fig. 2 {fide Renz, 1948). 

Hypotype: —From sample, No. RM 19340, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625952. 

Occurrence: —Occurs rarely and only sporadically in the Globo¬ 
rotalia fohsi “Zone” (s.l.) and in the Globorotalia mayeri Zone 
(s.l.) hut becomes relatively common in the upper part of the 
Globorotalia ?nenarclii menardii Globigerina nepenthes Zone and in 
Sphaeroidmella seminulina Zone; scarce in the Globigerina bulloides 
Zone, Pozon formation. 

Genus ETON IDES Montfort. ISOS 
Eponides erobbsi Hedberg 

Eponides crebbsi Hedberg, 1937, Jour. Pal., vol. 11, p. 679, pi. 92, figs. la-c. 

Remarks: —I he sinuous umbilical sutures makes this species 
distinctive. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625954. 
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Occurrence: —Common or fairly common in the upper part of 
the Tocuyo formation and in the Globigerinatella insueta Zone 
(s.l .), Globorotalia fohsi “Zone” (s.l. ) and Globorotalia mayeri 
Zone (s.l.), but only occurs in isolated samples from the Globoro¬ 
talia menardii menardii/Globigerina nepenthes Zone, Pozon forma¬ 
tion. 

Eponides parantillanim Galloway and Heminway 

Eponides parantillarum Galloway and Herninway, 1941, New York Acad. 
Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 374, pi. 18 
figs. la-c. 

Remarks’. —This form appears to be closely related to Eponides 
antillarum ( d’Orbigny ). 

Hypotype :—From sample, No. RM 19849, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625956. 

Occurrence: —Fairly common in, and apparently restricted to, 
the middle to upper part of the Sphaeroidinella seminulina Zone, 
Pozon formation. 

Eponides uinboiiatus ecuadorcnsis (Galloway and Morrey) 

Rotalia ecuadorcnsis Gallowav and Morrey, 1929. Bull. Amer. Pal., vol. 15, 
No. 55, p. 26, pi. 3, figs. 13a-c 

Eponides umbonatus (Reuss) var. ecuadorcnsis (Galloway and Morrey), 
Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 679, pi. 91, fig. 22. 

Remarks :—This form shows a strongly vaulted umbilical side 
and a convex spiral side; sutures not depressed, radial on the spiral 
side and slightly sinuous umbilically. Chambers, as seen from spiral 
side, are rather narrow but elongate tangentially. Umbilicus closed, 
aperture interiomarginal, sutural, rather short, midway between the 
keeled periphery and the umbilicus. The subspecies is distinguished 
from the parent species by virtue of the slightly sinuous umbilical 
sutures and umbilical plug. 

This form shows a combination of many of the characters used 
by Brotzen (1942) to differentiate Gyroidina and Eponides. 

Hypotype: —From sample, No. RM 19320, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625958. 

Occurrence: —Rather scarce in the upper part of the Tocuyo 
formation and in the Globigerinatella insueta Zone (s.l.) but be¬ 
comes common or even abundant in samples from the Globorotalia 
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fohsi “Zone" (s.l .), Globorotalia mcryeri Zone (s.l. ), and Globoro- 
talia menardii menardii/Globigerina nepenthes Zone. Becomes 
rare and only occurs sporadically in the lower part of the Sphaeroidi - 
nella semimdina Zone, Pozon formation. 

Genus GYKOIIUXA d’Orbigny, 1826 
Gyro id hia parva Cushman and Renz 

Gyroidina Pawn Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 23, pi. 4, fig. 2. 

Ilypotype: —From sample, No. RM 19340, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625960. 

Occurrence :—Occurs throughout the upper part of the Tocuyo 
and Pozon formations. Usually rather scarce below the Globorotalia 
foshi foshi Zone and above the Globorotalia menardii menardii/ 
Globigerina nepenthes Zone, but common or abundant especially in 
the Globorotalia fohsi robusta Zone and Globorotalia mayeri Zone 
(s.l.). 

Genus GYKOIDIXOIDES Brotzen, 1942 
Gyroidinoides altifonnis (R. E. and K. C. Stewart) PI. 7, figs. 27a-c 

Gyroidina soldanii d’Orbigny var. altifonnis R. E. and K. C. Stewart, 1930, 
Jour. Pal., vol. 4, p. 67, pi. 9, fig. 2. 

Gyroidinoides soldanii (d’Orbigny) var. altifonnis (R. E. and K. C. Stew¬ 
art), Renz, 1948, Geol. Soc. Amer., Mem 32, p. 140, pi. VIII, figs. 13a-c. 

Remarks :—This form is different from D’Orbigny’s illustra¬ 
tions of the species “ soldanii ” and from Gyroidinoides cf. zelandtca 
Finlay. The sutures of the spiral side are distinct and the spiral 
suture well marked throughout. Sutures between the chambers 
are fairly deeply incised. The writer considers that this form is 
worthy of specific status and it is elevated accordingly. 

Ilypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 7, figs. 27a-c, deposited in U.S.N.M. 
collection, No. 625962. 

Occurrence'. —Fairly common in all zones of the Pozon forma¬ 
tion below the base of the Sphaeroidinella semimdina Zone and in 
the upper part of the Tocuyo formation. Occasional specimens have 
been observed in samples from the upper part of the Sphaeroidi¬ 
nella semimdina Zone. 1 he disappearance of this form in eastern 
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Falcon seems to be due to ecological rather than stratigraphical 
reasons. 

Gyroidinoides Lyra men sis eainpester (Palmer and Bermudez) 

Eponidcs byramensis (Cushman) var. carnprstrr Palmer and Bermudez, 1941, 
Soc. cubana hist, nat., Mem., vol. 15, No. 2, p. 192. 

Gyroidinoides byramensis (Cushman) var. campester (Palmer and Ber¬ 
mudez), Renz, 1948, Geol. Soc Ainer., Mem. 32, pp. 139-140, pi. VIII, figs. 
15a-b; pi. IX, fig. 1. 

Eponidcs campcster Palmer and Bermudez, Bermudez, 1949, Cushman Lab. 
Foram. Res., Special Pub. 25, p. 245, pi. 16, figs. 40-42. 

Remarks :—The present writer agrees with Renz (1948) that 
this species is best placed within the genus Gyroidinoides Brotzen, 
1942 on account of the distinctive open umbilicus. Faint traces of 
an apertural lip have been observed which serve to substantiate 
the generic allocation. I he subspecies differs from the parent species 
in having slightly limbate sutures and a less vaulted umbilical sur¬ 
face. 

Hypotype :—From sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625964. 

Occurrence'. —Generally scarce but has been observed in 
samples from the Globigerin-atella insueta Zone (s.l .), Globorotalia 
fohsi “Zone" (s.l.), and Globorotalia mayeri Zone ( s.l. ), Pozon 
formation. 

Gyroidinoides planulala (Cushman and Renz) 

Gyroidina planulala Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
vol. 17, pt. 1, p. 23, pi. 4, fig. 1. 

Gyroidinoides planulata (Cushman and Renz), Renz, 1948, Geol. Soc. Amer., 
Mem. 32, p. 140, pi. VIII, figs, lla-c. 

Hypotype: —From sample, No. RM 19282, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection No. 625966. 

Occurrence'. —Scarce, only observed in the Globigerinatella 
insueta-/Globigerinoides bispherica Subzone, Globorotalia fohsi 
barisanensis Zone, and Globorotalia fohsi fohsi Zone, Pozon forma¬ 
tion. 

Gyroidinoides venezuelana Renz 

Gyroidinonles venezuelana Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 141, 
p. XII, figs. 21a-c. 
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Remarks: —Renz considers his species related to Gyroidina lae¬ 
vigata d’Orbigny but distinguished from D’Orbigny’s species by 
the more sharply edged periphery and less inflated chambers. Renz 
further stated that his species is also related to Gyroidinoides 
plamdata Cushman and Renz which, however, has a rounded 
periphery. 

Hypotype: —From sample No. RM 19305, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625968. 

Occurrence :—Scarce in the Globigerinatella insueta Zone (/./.), 
Tocuyo and Pozon formations but becomes fairly common in 
the Globorotalia fohsi “Zone” (s.l.) and Globorotalia mayeri Zone 
(si.) and rather scarce in the Globorotalia menardii menardii/ 
Globigerina nepenthes Zone and only observed in isolated samples 
from the Sphaeroidinella seminulina Zone, Pozon formation. 

Gyroidinoides cf. zelandica (Finlay) PI. 8, figs. 2Sa-c 

cf. Gyroidina zelandica Finlay, 1939, Roy. Soc. New Zealand, Trans. Proc., 
vol. 69, pt. 3, p. 323, p). 28, figs. 138-140 (fide Ellis and Messina, 1940 
et scq.). 

Gyroidina cf. soldanii Galloway and Heminway ( non d’Orbigny), 1941, New 
York Acad. Sci., Sci. Surv. Porto Rico and Virgin Islands, vol. 3, pt. 4 
p. 377, pi. 15, figs. 7a-c. 

Gyroidinoidcs cf. soldanii Renz {non d’Orbigny), 1948, Geol. Soc. Amer. 
Mem. 32, p. 140, pi. VIII, figs. 14a-c. 

Remarks: —Renz ( 1948) tentatively referred some species 
identical to those seen by the writer to Gyroidinoides soldanii 
(d’Orbigny). However, D’Orbigny’s figure of Gyroidina soldanii 
shows radial sutures on the spiral side and a well-marked spiral 
suture throughout; furthermore the umbilicial side is not highly 
vaulted. 

The specimens seen in the Tocuyo and Pozon formations agree 
closely with Finlay’s species although the eastern Falcon specimens 
have a slightly wider umbilicus. Cushman and Stainforth (1948) 
figured a form as Gyroidina girardana (Reuss) var. perampla which 
also appears to be close to both Finlay’s G. zelandica and the 
writer’s specimens. However, since Finlay’s species has priority 
and the eastern Falcon material resembles both G. girardana var. 
perampla and G. zelandica equally closely, they are tentatively 


Tocuyo and Pozon Formations Venezuela: Blow 163 


referred to the latter species. Finlay (1939) considered his species 
as being related to Gyroichnoides altiformis (R. E. and K. C. 
Stewart) and the specimens seen here also show a similar relation¬ 
ship. 

Hypotype: —From sample, No. RM 19283, auger line near 
Pozon, eastern Falcon; Plate 8, figures 28a-c, deposited in U.S.N.M. 
collection, No. 625970. 

Occurrence: —Scarce, only observed in isolated samples from 
the Globigerinatella in-suet a Zone (s.l.) and Globorotalia johsi fohsi 
Zone, Pozon formation. 

Genus Pl LVIXUUXELLA Cushman, 1926 
Pulvinuliiiella culler (Parker and Jones) 

Planorbulina fareta (Fichtel and Moll) var. ungeriana (d’Orbigny) 
subvar. culter Parker and Jones, 1865, Roy. Soc. London, Phil. Trans., 
vol. 155, p. 382. pi. 9, figs, la-b (fide Cushman, 1929). 

Pulvinulinella culter (Parker and Jones), Cushman, 1929, Cushman Lab. 
Foram. Res., Contr., vol. 5, p. 100, pi. 14, fig. 13. 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625972. 

Occurrence: —Scarce and only observed in isolated samples 
from the Catapsydrax stainforthi Zone, Globigerinatella insueta/ 
Globigerinoides triloba Subzone, Tocuyo formation, and the lower 
part of the Globigerinatella insueta/Globigerinoides bispherica Sub¬ 
zone, Pozon formation. 

Pulriiiulliiella jarvisi Cushman and Renz 

Pulvinulinella jarvisi Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 24, pi. 4-, fig. 4. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625974. 

Occurrence: —Observed only in samples from the Globigerina¬ 
tella insueta/Globigerinoides bispherica Subzone and Globorotalia 
fohsi “Zone” ( s.l .), Pozon formation. 

Genus ROTA LI A Lamarck, 1S04 
Rotalla beccarii (Linne) 

Nautilus beccarii Linne, 1767, System a Naturae, 12th ed., vol. 1, p. 1162. 
(Fide Ellis and Messina, 1940 et seq.). 

Rotalia beccarii (Linne), Cushman, 1928, Cushman Lab. Foram. Res., Contr., 
vol. 4, p. 103, pi. 15 (fide Renz, 1948). 
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llypotype: —From sample, No. RM 20131, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625976. 

Occurrence :—Only observed by the writer in the middle to 
upper part of the Sphaeroidinella seminulina Zone and in the 
Globigerina bulloides Zone, Pozon formation. It becomes common 
in the overlying Ojo de Agua formation. 

Genus SI PHONIN'A Reuss, 1850 
Siphon inn pozononsis Cushman and Renz 

Siphonirta pozonensis Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17, pt. 1, p. 24, pi. 4, fig. 3. 

Hypotype ;—From sample. No. RM 19117, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625978. 

Occurrence :—Occurs in varying frequency in the upper part 
of the Tocuyo formation and throughout the Pozon formation 

below the Globigerina bulloides Zone. Most frequent in the Globoro¬ 
talia fohsi “Zone” (s.l.) and Globorotalia mayeri Zone (si.) but 
becomes scarce in the Sphaeroidinella seminulina Zone. 

Genus YALVVLINERIA Cushman, 1926 
Yalvnliueria herrieki (Hadley) PI. 8, figs. 29a-b 

Cibicorbis herrieki Hadlev, 1934, Bull. Amer. Pal., vol. 20. p. 26, pi. 5, figs. 
1-3 (fide Renz, 194S). ' 

Cibicides kugleri Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contr., vol. 17. pt. 1, p. 27, pi. 4, fig. 11. 

Val'Vulincria herrieki (Hadley), Renz. 1948, Geol. Soc. Amer., Mem. 32, 
p. 177, pi. VIII, figs. lOa-c. 

IIypotype: —From sample. No. RM 19405, auger line near 
Pozon, eastern Falcon; Plate 8, figures 29a-b, deposited in U.S.N.M. 
collection, No. 625980. 

Occurrence :—Renz (1948) used the partial occurrence of this 
species to define his Valvulineria herrieki Zone. The present writer 
has observed specimens in the uppermost part of the Globorotalia 
fohsi fohsi Zone, Globorotalia fohsi lobata Zone, Globorotalia fohsi 
robusta Zone, and Globorotalia mayeri Zone (s.l.), Pozon forma¬ 
tion. Some specimens have been noted associated with Marginu- 
l in op sis basispinosus. 

The distribution of this form seems to be strongly influenced 
by ecological conditions since it is most frequent in sample con- 
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taining an appreciable planktonic component and absent in samples 
with a rich Uvigerina isidroensis-Bolivina imporcata-Bolivina sim¬ 
plex assemblage. 

Valvulineria inaeqtialis lobata Cushman and Renz 

Valvulincria inaequalis (d’Orbigny) var. lobata Cushman and Renz, 1941, 
Cushman Lab. Foram. Res., Conti., vol. 17, pt. 1, p. 23, pi. 3, fig. 24, 

Hypotype :—From sample, No. 19180, auger line near Pozon, 
eastern Falcon; deposited in U.S.N.M. collection, No. 625982. 

Occurrence'. —Scarce, only observed in isolated samples from 
the Globigerinatella insueta Zone (s.l.), and from the Globorotalia 
fohsi "Zone” (s.l.), Tocuyo and Pozon formations. 

Family YMPH1STEGIMDAE 
Genus A3IPHISTEGLXA d’Orbigny, 1S26 
Ampliistegiiia cf. lessonii d’Orbigny 

cf. Amphistcgina lesson'd d’Orbigny, 1S26, Ann. Sci. Nat., Paris, ser. 1, vol. 
7, p. 304, Modeles No 98 ( fide Renz, 1948). 

Remarks'. —Most of the specimens present in the Pozon sec¬ 
tion are broken and abraded. 

Hypotype :—From sample, No. RM 19888, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
625983. 

Occurrence'. —Occurs mainly in the uppermost part of the 
Pozon formation (Huso Clay member). 

Family CASSIDUEIXIDAE 
Genus CASSIDULINA d’Orbigny, 1826 
Cassidtilina carapitana Hedberg 

Cassidulina carapitana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 680, pi. 
96, figs. 6a-b. 

Remarks: —Hedberg (1937, p. 680) remarked that his species 
belongs to the group of Cassidulina laevigata d’Orbigny but can 
be distinguished from this species since the sutures of Cassidulina 
carapitana are more sharply curved in the umbonal areas than in 
D’Orbigny’s species. 

Hypotype :—From sample, No. RM 19283, auger line near 
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Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625985. 

Occurrence :—Common in all zones of the upper Tocuyo and 
Pozon formations below the middle part of the Sphaeroidinella semi- 
nulina Zone. The disappearance of this form seems to be due to 
ecological rather than stratigraphical reasons. 

Cassidulina erassa d’Orbigny 

Cassidulina erassa d'Orbignv, 1839, Voyage dans l’Amerique Meridionale; 
“Foraminiferes”, vol. 5, pt. 5, p. 56, pi. 7, figs. 1S-20. ( Fide Ellis and 
Messina, 1940 et seq.). 

Hypotype :—From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625987. 

Occurrence: —Common in all zones of the Pozon formation 
below the middle to upper part of the Sphaeroidinella semimdina 
Zone but rather scarce in the Tocuyo formation. 

( assidulina dolioata Cushman 

Cassidulina delieata Cushman, 1927, California Univ., Scripps Inst. Oceanog., 
Hull. Tech, ser., vol. 1, p. 168, pi. 6, fig. 5 (fide Renz 1948). 

Hypotype: —From sample. No. 19285, auger line near Pozon, 
eastern Falcon; deposited in U.S.N.M. collection, No. 625989. 

Occurrence: —Scarce and only observed in the Globigerinatella 
insueta/Globigerinoides bispherica Subzone and Globorotalia fohsi 
barisanensis Zone, Pozon formation. 

Cassidulina laevigata d’Orbigny 

Cassidulina laevigata d’Orbignv, 1826, Ann Sci. Nat., Paris, ser. 1, vol. 7, 
p. 282, pi. 15, figs. 4-5 (fide Ellis and Messina, 1940 ct seq.). 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625991. 

Occurrence: —Fairly common in all zones of the Pozon forma¬ 
tion below the Globigerina bulloides Zone and in the upper part of 
the Tocuyo formation; especially common in the Globorotalia men - 
ardii menardii Globigerina nepenthes Zone. 

Cassidulina subglobosa Brady 

Cassidulina subglobosa Brady, 1881, Roy. Micr. Soc., Quart. Jour., new. 
ser., vol. 21, p. 60 ( fide Ellis and Messina, 1940 ct seq.). 

Remarks: —I he aperture of this form is normal to the axis 
of coding. 
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Hypotype :—From sample, No. RM 19285, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625993. 

Occurrence'. —Ubiquitous although rather scarce. Ranges 

throughout the upper Tocuyo and Pozon formations. 

Cassidnlina subglobosa horlzontalis Cushman and Renz 

Cassidnlina subgobosa Brady var. horizontalis Cushman and Renz, 1941, 
Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 26, pi. 4, fig. S. 

Remarks —This subspecies has the aperture parallel to the 

axis of coiling. Other characters are similar to the parent species. 

Hypotype :—From sample. No. RM 19285, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625995. 

Occurrence’. —Scarce and does not occur above the Globorotalia 
menardii menardii/Globigerina nepenthes Zone, Pozon formation. 

Genus CASSIRULEN OIRES Cushman, 1927 
Cassidulinoides ereota Cushman and Renz 

Cassidulinoides erecta Cushman and Renz, 1941, Cushman Lab. Foram. Res., 
Contrib., vol. 17, p. 25, pi. 4, figs. 6-7. 

Hypotype :—From sample, No. RM 19320, auger line near 

Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625996. 

Occurrence :—Scarce, only observed in a few samples from the 
Globorotalia fohsi u Zone” ( s.L ), Pozon formation. 

Genus EHRENBERGINA Reuss, 1S50 
Ehrenbergina earibbea Galloway and Heminway 

Ehrenbcrglna earibbea Galloway and Heminwav, 1941, New York Acad. 
Sci., Sci Surv. Porto Rico and Virgin Islands, vol. 3. pt. 4, p. 426, pi. 32, 
figs. 4a-d. 

Ehrenbergina earibbea Galloway and Heminway, Renz, 1948. Geol. Soc. 
Amer., Mem. 32, p. 131, pi. IX, figs. 17a-b. 

Hypotype: —From sample, No. RM 19355, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 625997. 

Occurrence :—Scarce and only observed in samples from the 
Globorotalia fohsi “Zone” (s.l. ) and Globorotalia mayeri Zone 
(s.L), Pozon formation. 


Family CHIL0ST03IELLIRAE 
Genus CHIL0ST03IELEA Reuss, 1850 
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('IrilostoinHlii ovoidea Reuss 

Chilostornclla ovoidca Reuss, 1S50, K. Akad. Wiss. Wien, Math.-Nat. Cl., 
Denkschr., vol. 1, p. 380, pi. 48, fig. 12 {fide Ellis and Messina, 1940 
Ct SCq.). 

Hypotype: —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 625999. 

Occurrence :—Scarce, only seen in isolated samples from the 
Globigerinatella insuet a Zone ( s.l .) and Globorotalia fohst “Zone” 
( s.l .) Tocuyo and Pozon formations. Usually badly preserved. Ac¬ 
cording to Renz (194S) ranges throughout the Tocuyo formation 
and most of the Pozon formation. 

Genus PILLEMA Parker and Jones, 1862 
I’lilleuia Imlloides (d’Orbigny) 

Xonionina bulloidcs d’Orbigny, 1846, Foraminiferes fossiles du bassin 
terriaire de Vienne (Autriche), p. 107, pt. 5, figs. 9-10. (fide Ellis and 
Messina, 1940 ct scq .). 

Pullcnina bulloidcs (d’Orbigny), Kleinpell, 1938, Amer. Assoc. Petr. Geol., 
Spec. Pub., p. 338, pi. 5, figs. 10, 13. 

Hypotype: —Prom sample, No. RM 19284, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626001. 

Occurrence'. —Generally rather scarce but observed in all zones 
of the Tocuyo and Pozon formations below the Sphaeroidinella 
seminulina Zone. 

Pnllenia salisburyi R. E. and K. C. Stewart 

Pullcnia salisburyi R. E. and K. C. Stewart, 1930, Jour. Pal., vol. 4, p. 72, 
pi. 8, fig.2 ( fide Renz, 1948). 

Hypotype :—From sample, No. RM 19283, auger line near 
Pozon, eastern P'alcdn; deposited in U.S.N.M. collection. No. 626003. 

Occurrence'. —Scarce and only observed in isolated samples 
from the Globigerinatella insuet a Zone (s.l.), Globorotalia jolt si 
“Zone" (s.l.), and Globorotalia mayeri Zone (s.l.), Tocuyo and 
Pozon formations. 

Genus SP1I A E KOI DIN \ d’Orbigny, 1826 

Splineroidiiia variabilis Reuss 

Sphacroidina variabilis Reuss, 1851, Deutsch. Geol. Ges., Zeitschr., vol. 3, 
p. 88, pi. 7, figs. 61-64 (fide Ellis and Messina, 1940 ct scq.). 

Sphacroidina variabilis Reuss, Cushman, 1929, Cushman Lab. Foram. Res., 
Contr., vol. 5, p. 101. pi. 14, figs. 15a-c. 
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Remarks :—This species shows considerable variation in size. 
Large specimens seem to be associated with mainly planktonic 
faunas. Dwarf specimens occur with Uvigerina isidroensis-Bolivina 
simplex and Bolivina imporcata assemblages in the lower to middle 
part of the Sphaeroidinella seminxdina Zone. 

Hypotype :—From sample. No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626005. 

Occurrence :—Occurs throughout the upper part of the Tocuvo 
and Pozon formations below the middle part of the Sphaeroidinella 
semimdina Zone. Most frequent in the Globigerinatella insueta Zone 
(s.L ), Globorotalia fohsi “Zone" (s.l. ) and in the Globorotalia 
viayeri Zone (s.l.). 

Family HA> TKEMNI I>A E 
Subfamily CASS1GERIN EELLN AE 
Genus CASSIGERIAEEEA Pokorny, 1955 
Cassigrerinella clilpolensis (Cushman and Ponton) PL 7, figs. 30a-c 

Cass'niulina chipolcnsis Cushman and Ponton, 1932, Florida Geol. Surv., 
Bull., No 9, p. 9S, pi. 15, figs. 2a-c. 

Cassidulina chipolcnsis Cushman and Ponton, Cushman and Stainforth, 1945, 
Cushman Lab. Foram. Res., Spec. Publ. 14, p. 64, pi. 12, fig. 5 

Cassigcrinella chipolcnsis (Cushman and Ponton), Bolli, 1957, U.S. Nat. 
Mus., Bull., No. 215, p. 10S, pi. 22, figs. 3a-c. 

Hypotype: —From sample. No. RM 19304, auger line near 
Pozon, eastern Falcon; Plate 7, figures 30a-c, deposited in U.S.N.M. 
collection, No. 626G07. 

Occurrence :—Ranges from the Catapsydrax stainjorthi Zone 
to the upper part of the Globorotalia fohsi robusta Zone, Tocuyo 
and Pozon formations. 

Subfamily HA ST] GERI > I > A E 
Genus HASTIGER1XA Thompson, 1S76 

Cushman named the genus Globigerinella in 1927 with Globi- 
gerina aequilateralis Brady as the type species. Brady remarked in 
his type description of Globigerina aequilateralis that the test is 
“planospiral and symmetrical" but also remarked that his species 
approached “ Hastigerina in general form". The apertures of Brady's 
species, as seen from his illustrations, are not interiomarginal, equa¬ 
torial-symmetrical but asymmetric with an umbilical prolongation. 


170 


Bulletin 178 


Brady also illustrated a section of his species which shows that the 
early stages are trochospiral, and the form is not planispiral 
throughout. Cushman (1927) noted in the type description of 
Globigerinella that his genus was “trochoid in the young, at least 
in the microspheric form”, whilst Thompson (1876) defined Ilasti¬ 
gerina (type species, Ilastigerina mtirrayi Thompson=Ao>fforaw# 
pelagica d’Orbigny, 1839) as being trochospiral in the early stages 
but becoming planispiral later. As far as the writer is aware, the 
only difference between Cushman’s and Thompson’s type species 
are those of degree, not kind, and relate mainly to the presence or 
absence of coarse or fine spines. The actual nature of the spines in 
either form does not appear to be different. Since there does not 
appear to be any fundamental difference in morphology, the writer 
regards Globigerinella Cushman, 1927, as a junior synonym of 
Ilastigerina Thompson, 1876. 

Bolli, Loeblich, and Tappan (1957) also came to the same 
conclusions as the present writer concerning the validity of Globi¬ 
gerinella Cushman, 1927. 

No typical specimens of Ilastigerina (= Globigerinella of 
authors) seem to occur before the Miocene (probably not earlier 
th an Burdigalian); species referred to Globigerinella from the Cre¬ 
taceous by various authors (including Lappan, 1943 and Bronni- 
mann, 1952b) seem to be more likely referable to Biglobigerinella 
Lalicker, 1948 or Planomalina Loeblich and Tappan, 1946. 

It seems likely that Ilastigerina has developed from a Globo- 
rotalia species close to Globorotalia obesa Bolli. In some gerontic 
forms of Globorotalia obesa- from the Globorotalia fohsi “Zone” 
(r./.), the last chamber shows the aperture extending over and on 
to the periphery, at least as far as the median line. As pointed out 
above, the aperture in Ilastigerina is asymmetrical with a distinct 
ventral prolongation; this ventral prolongation is thought to be 
homologous with the intcriomarginal, umbilical-cxtraumbilical 
aperture of Globorotalia. The stratigraphical occurrence of Ilasti¬ 
gerina supports the view that it may possibly have been derived 
from the Miocene globorotalid stock. 
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Ihisligeriim ;m|iilhilcnills (llrndy) 

llnstlgerlnn imjitilnlcmlis ne<| uilnlenills (llrndy) IM. N, figs. Ill a 1> 

Globujenna acf/uilateralis llrndv, 1X79, Quail. Jour. Micr. Sri., l.oudou, u.s. 
vol. 19, |>. 2X5, figs. 1X-2I {Rate Kllis and Messina, 1940 ct set/.). 

Gtobitjennclla acf/xulatnalis (llrndy), llerinudez, 1919, ('uslunnn 1 al>. Fuiain. 
Kes., Spiv. I’uhl. 25, |>. 2X0, |>l. 21, fig. 51. 

t lasth/rrina cf. an/u it at mil is (llrndy), llolli, 1957, U.S. Nai. Mus,, Hull. 
No.' 215, p. 10X, pi. 22, figs. la-21). 

Remarks: —Brady's figures show lliai dim- is consider‘able* 
variation in the decree ol in volution present in this form. It seems 
that Recent specimens olicn show a greater decree of uncoiling 
than is present m the Miocene forms which do, however, show this 
tendency in the last chamber. The writer distinguishes this sub¬ 
species not entirely on ihe decree of involution Init, more essen¬ 
tially, on the shape of the chambers and ihe nature of the aper¬ 
ture. Phis subspecies is distinguished from llasti^erma aetjmlatcr- 
alis involuta (Cushman) by having subspherical, lairlv well sep¬ 
arated chambers and by having a more distinctly asymmetric aper¬ 
ture which does not extend far on to the dorsal side. 

IIypotype: — From sample, No. RM 20065, auger line near 
Pozon, eastern Falcon; Plate S, Jigs. 31 a h, deposited in IJ.S.N.M. 
collection, No. 626009. 

Occurrence: —Ranges from the (i/oborot aha maycri (Uoboro- 
talia lenguaensis Subzone to the (llobigcnna bulloides Zone, Pozon 
format ion. 

Ilustigerinn ;uM|ullalernlls linolula (CiiHlmum) H. S, I'igH. 22a h 

Globiynina nrt/uilutrratis Hrady, var. involuta Cushman, 1917, U.S. Nai 
Mus., Proc., vol. 51, No 2172, p. (>(\ 2 . (Figure'* in Cushman, 1921, U.S. 
Nat. Mus., Hull., No. 100, vol. 4, p. 293, figs. I la lie.), (fate Kllis and 
Messina, 1940 ct set/.). 

Remarks: — I his subspecies is distinguished from / l asti^erina 
aequilaleralis aequilaleralis (Brady) in having closely appressed, 
ovate chambers which are distinctly pointed towards the umbili¬ 
cus. Ibis subspecies is generally more involute and has the aper¬ 
ture extending further over onto the dorsal side of tin test (al¬ 
though it is still asymmetric with a distinct umbilical prolongation) 
than in Hastigeriua aequilateralis aequilateral'w (Brady). 


172 


Bulletin 178 


Hypotype :—From sample, No. RIY1 20053, auger line near 
Pozon, eastern Falcon; Plate 8, figs. 32a-b, deposited in U.S.N.M. 
collection, No. 626011. 

Occurrence :—Ranges from the middle part of the Globorotalia 
may eri/Glob or ot alia lenguaensis Subzone to the upper part of the 
Sphaeroidinella seminulina Zone, Pozon formation. 

Family OKBULIXIDAE 
Subfamily GLOWGEHL\IXAE 
Genus GLOIUGE1UNA d’Orbigny, 1826 
Globigerina angustiumbilicata (Bolli) PI. 7, figs. 33a-c, 34 

Globigerina ciperoensis angustiumbilicata Bolli, 1957, U.S. Nat. Mus., Bull., 
No. 215, p. 109, pi. 22, figs. 12a-13c. 

Remarks :—Bolli (1957) originally described this form as a 
subspecies of Globigerina ciperoensis Bolli, but in a recent letter to 
the writer he agreed that this form is now better considered as a 
distinct species. 

Globigerina angustiumbilicata shows several significant differ¬ 
ences from the two remaining subspecies of Globigerina ciperoen¬ 
sis. Firstly, as Bolli (1957, p. 109) pointed out in his original de¬ 
scription, the rate at which the chambers increase in size is dis¬ 
tinctly greater than in either Globigerina ciperoensis ciperoensis or 
Globigerina ciperoensis angulisnturalis. In this form the test is 
slightly more trochospiral and has a smaller and less deep umbili¬ 
cus than in either of the two subspecies of Globigerina ciperoensis. 
Another important feature seen in this form is that the aperture 
shows a tendency towards an interiomarginal, umbilical-extraum- 
bilical position as well as having a distinct lip. Finally, the range 
of this species is much more extended than that of Globigerina ciper¬ 
oensis ciperoensis and Globigerina ciperoensis angulisnturalis. 

Ilypotype ;—From sample. No. RM 19507, auger line near 
Pozon, eastern Falcon; Plate 7, figs. 33a-c, deposited in U.S.N.M. 
collection, No. 626013. 

Occurrence: —Ranges from the Gatapsydrax stainforthi Zone 
to the Globigerina bulloides Zone, Tocuyo and Pozon formations. 

Globigerina apertura Cushman PL 8, figs. 35a-b 

Globigerina apertura Cushman, 1918, U.S. Geol. Surv., Bull., No. 676, p. 57, 
pi. 12, figs. 8a-c {fide Ellis and Messina, 1940 et seq.). 
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Remarks :—This species shows a large, high-arched aperture 
with a distinct thickened rim. The umbilicus is wide, and the cham¬ 
bers rather loosely coiled. 

The writer’s specimens compare excellently with Cushman's 
figured holotype, described from the Miocene of Virginia, U.S.A. 

Globigerina apertura Cushman differs from Globigerina ampli- 
apertura Bolli, 1957 by having looser coiling, a wider umbilicus, in¬ 
flated and well-separated chambers. Globigerina ampliapertura is 
restricted to the uppermost Eocene and lowermost Oligocene whdst 
Globigerina- apertura does not appear until the middle to upper 
M iocene. 

Globigerina apertura is considered to be related to Globigerina 
bulloides d'Orbigny since Globigerina apertura first appears slightly 
later than Globigerina bulloides. Transitional forms between these 
two species are present in some samples from the upper part of 
the Globorotalia menardii menardii/Globigerina nepenthes Zone. 
However, Globigerina apertura may be distinguished from Globi¬ 
gerina bulloides by the very large and highly arched aperture, the 
distinctive apertural rim and the looser coiling. 

Hypotype :—From sample. No. RM 19791, auger line near 
Pozon, eastern Falcon; Plate 8, figs. 35a-b, deposited in U.S.N.M. 
collection No. 626015. 

Occxirrence\ —Ranges from the upper part of the Globorotalia- 
menardii menardii/Globigerina nepenthes Zone to the Sphaeroidi- 
nella seminulina Zone, Pozon formation. This species may prove 
to be a most useful and restricted marker. 

Globigerina bradyi Wiesner PI. 7, fig. 36 

Globigerina sp., Brady, 1S84, Challenger Exped., Rept., Zool., vol. 9, p. 
82, figs. 8, 9. 

Globigerina bradyi Wiesner, 1931, Die Foraminiferen der deutschen Siid- 
polar-Expedition 1901-1903. In: Drvgalski, Deutsche Siidpolar-Expedition 
1901-1903, 1931, Bd. 20, (Zool. Bd. 12), p. 133 {fide Ellis and Messina, 
1940 et seq.). 

Globigerina bradyi Wiesner, Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, 
p. 110, pi. 23. figs. 5a-c. 

Remarks :—The specimens observed in the Pozon-El Mene 
Road section compare well with Brady's figures and those figured 
by Bolli (1957) from southern Trinidad. Bolli (1957) remarked 
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that this species may he synonymous with Globigerinoides minuta 
Natland (1938) which has sutural supplementary apertures around 
the base of the last chamber. However, none of the writer's speci¬ 
mens show secondary sutural apertures and they are, therefore, 
assigned to Wiesner's species. 

Bolli (1957) also remarked that Globigerina juvenilis Bolli 
shows a close relationship to this species, but the present writer 
regards both Globigerina juvenilis and Globigerina bradyi as being 
distinct. The latter species is distinctly more trochospiral and the 
chambers less inflated than in Globigerina juvenilis. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 7, fig. 36, deposited in U.S.N.M. 
collection, No. 626017. 

Occurrence :—Ranges from the Catapsydrax stainforthi Zone 
to the Globigerina bulloides Zone, and Pozon formations. 

(ilobigeriiia bulhosa LeRoy FI. 9, figs. 37a-c 

Globigerina bulbosa LeRov, 1944, Colorado School Mines, Quart., vol. 39, No. 

3, pt. 1, p. 39, pi. 3, figs. 26. 27. 

Remarks :—This species, which was originally described by 
LeRoy from the Miocene of central Sumatra, shows radially elong¬ 
ate and rather bulbous chambers. The chambers increase rapidly 
in size as added. In tbe eastern Falcon specimens, the aperture is 
seen to possess a thin lip. 

"Phis species seems to be related to Globigerina foliata Bolli 
but differs from the latter species by having radially elongate, not 
spherical, chambers, and in being less trochospiral with a slightly 
more open type of coiling. 

Forms which appear to be transitional between Globigerina 
joliata and Globigerina bulbosa occur in the basal part of the Globo - 
rot alia joh-si lob at a Zone. According to a letter received from H. 
M. Bolli, this species has now been observed in samples from the 
Cipero and Lengua formations of southern Trinidad. 

IIypotype: —From sample, No. RM 19480, auger line near 
Pozon, eastern Falcon; Plate 9, figures 37a-c, deposited in U.S.N.M. 
collection, No. 625719. 
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Occurrence :—Ranges from the lower part of the Globorotalia 
fohsi lobata Zone to the upper part of the Sphaeroidinella semi- 
nulina Zone, Pozon formation. 

Globigerina bulloides d’Orbigny PI. 9, figs. 3Sa-c 

Globigerina bulloidcs d’Orbigny, 1826, Ann. Sci. Nat., Paris, ser. 1, vol. 7, 
p. 277. Modeies nos. 17, 76 (fide Ellis and Messina, 1940 et scq.). 

Globigerina bulloidcs d’Orbigny, Cushman. 1941, (pars), Cushman Lab. 
Foram. Res., Contr., vol. 17, p. 38, pi. 10, figs. 3-7. 

Remarks :—The writer's concept of this species is restricted 
to forms similar to those illustrated by Cushman (1941) as topo- 
types from Rimini, Italy. Cushman’s illustrations agree excellently 
with topotype material examined by the writer and kindly sup¬ 
plied by the United States National Museum, Washington, D.C. 

Forms referable to Globigerina bulloides show four chambers 
in the last whorl with a moderately arched interiomarginal, um¬ 
bilical aperture and a fairly wide and deep umbilicus. 1 he cham¬ 
bers are inflated, spherical, well separated and increase regularly in 
size. The test is distinctly trochospiral with usually 2!4-3 convo¬ 
lutions visible on the dorsal side. The equatorial periphery is lo- 
bate and has a subcircular profile. 

The specimens from eastern Falcon compare well with the 
topotypes figured by Cushman and are regarded as being typical. 
They first appear in sediments which are considered to be not 
older than middle Miocene. Bolli (1950, p. 1) also pointed out that 
Globigerina bulloides probably does not appear earlier than middle 
Miocene. 

Globigerina diplostoma Reuss, Globigerina concinna Reuss, 
and Globigerina quadrilatera Galloway and Wissler all seem to be 
closely related to Globigerina bulloides. A study of Recent Globi¬ 
gerina bulloides from the North Sea (north-east of Scotland—ma¬ 
terial kindly supplied by 14. M. Bolli) and the Gulf of Paria, the 
Atlantic Ocean, as well as the writer's Miocene material from 
eastern Falcon, shows that there are transitional forms from Globi¬ 
gerinabulloides , with four chambers in the last whorl, to Globigerina 
concinna Reuss with five well-developed chambers in the last 
whorl. These transitional forms show the fifth chamber variable 
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in size, with all gradations from rudimentary to well developed. It 
seems likely, therefore, that Globigerina concinna should be re¬ 
garded as a subspecies of Globigerina bulloides. 

The study of these Globigerina bulloides populations has also 
shown that some otherwise typical but small forms often have an 
aberrant final chamber and appear similar to either Globigerina 
diplostoma or, more especially, to Globigerina quadrilatera. It is 
possible that these two forms should be considered synonymous 
with Globigerina bulloides or Globigerina concinna. 

Hypotype: —From sample, No. RM 19791, auger line near 
Pozon, eastern Falcon; Plate 9, figures 38a-e, deposited in U.S.N.M. 
collection, No. 626019. 

Occurrence :—Ranges from the middle part of the Globorotalia 
menardii menardii Globigerina nepenthes Zone to the Globigerina 
bulloides Zone, Pozon formation. 

Glolugerina earnest Blow, sp. nov. PI. 9, figs. 39a-c 

Diagnosis of species :—Test strongly trochospiral with 11-12 
chambers arranged in about three whorls and with four chambers 
in the last whorl; chambers subspherical, inflated but somewhat 
embracing, also increasing regularly and fairly slowly in size as 
added; equatorial periphery lobate; equatorial profile subcircular; 
axial periphery rounded. The sutures of the spiral side and um¬ 
bilical side are depressed, radial to slightly curved. Umbilicus 
small, usually almost closed; aperture an elongate slit with a thin 
lip, interiomarginal, umbilical; wall calcareous, perforate, thin and 
fragile, rough to distinctly spinose, often with thick spines. Maxi¬ 
mum diameter of holotype, 0.34 mm. 

Remarks :—This species is characterized by the rough to spin¬ 
ose wall which is also thin and fragile. It differs from Globigerina 
foliata Bolli by being more trochospiral, in having a very small 
umbilicus, a slitlike aperture and in the chambers being less well 
separated. 

This species is named after Dr. F. E. Fames (Chief Palaeon¬ 
tologist, The British Petroleum Co. Ltd., London) in recognition of 
his contributions to Miocene stratigraphy and also in appreciation 
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of the encouragement he has given the author during the prepara¬ 
tion of this work. 

Holotype :—From sample, No. RM 19778, auger line near 
Pozon, eastern Falcon; Plate 9, figures 39a-c, deposited in U.S.N.M. 
collection, No. 625695. 

Occurrence :—Ranges from the middle part of the Globorotalia 
menardii menardii/Globigerina nepenthes Zone to the Sphaeroidi - 
nella seminulina Zone, Pozon formation. 

Globigerina falconensis Blow, sp. nov. PI. 9, figs. 40a-c, 41 

Diagnosis of species :—Test low trochospiral with 10-12 cham¬ 
bers arranged in about 214 whorls and with 4 chambers in the last 
whorl; chambers subspherical, slightly embracing, especially the 
last, increasing regularly and rather slowly in size as added; equa¬ 
torial periphery lobate; axial periphery rounded; sutures of the 
spiral and umbilical sides radial, depressed but not much incised; 
umbilicus small but deep, sometimes almost closed by the strongly 
developed lip of the last chamber; aperture an elongate low arch 
or sometimes rather slitlike with a well-developed lip, interiomar- 
ginal, umbilical; wall calcareous, rather coarsely perforate. Maxi¬ 
mum diameter or holotype, 0.34 mm. 

Remarks :—This species is distinguished from Globigerina foli¬ 
ata' Bolli in having slightly embracing chambers and an elongate 
aperture with a well-developed apertural lip. 

Holotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 9, figures 40a-c, deposited in U.S.N.M. 
collection, No. 625697. Plate 9, figure 41, paratype, also deposited 
in U.S.N.M. collection, No. 625698. 

Occurrence: —Ranges from the Globigerinatella insueta Globi- 
gerinoides bispherica Subzone to the Globigerina bulloides Zone, 
Tocuyo and Pozon formations. 

Globigerina foliata Bolli PL 10, figs. 42a-c 

Globigerina foliata Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. Ill, pi. 

24, figs la-c. 

Remarks: —This species is distinguished by having almost 
spherical and well-separated chambers which increase rapidly as 
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size is added. The last chamber, however, is often smaller than 
the penultimate chamber. 

Hypotype: —From sample, No. RM 19697, auger line near 
Pozon, eastern Falcon; Plate 10, figures 42a-c, deposited in U.S.N.M. 
collection, No. 626021. 

Occurrence :—Ranges from the Catapsydrax stainjorthi Zone 
to the upper part of the Sphaeroidinella semimdina Zone, Tocuyo 
and Pozon formations. 

Glohigerina juvenilis Bolli PI. 10, figs. 43a-b 

Globigcrina juvenilis Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 110, 

pi. 24, figs. 5a-6. 

Remarks :—This small species has inflated chambers, a small 
umbilicus and thin, finely perforate walls. The aperture is a nar¬ 
row elongate slit usually with a thin but distinctive lip. 

In some forms, which are still probably referable to this species, 
the lip abuts closely onto the ventral surface of the opposing 
chamber appearing much like a narrow bulla. These forms appear 
transitional to Globigerinita . 

Bolli (1957) considered that this species may possibly repre¬ 
sent the juvenile state of Globigerinita naparimaensis Bronnimann, 
but the present writer is inclined to view that this form is a dis¬ 
tinct species from which Globigerinita developed heterochronously 
at various levels throughout the Miocene. 

Ilypotype :—From sample, No. RM 19507, auger line near 
Pozon, eastern Falcon; Plate 10, figures 43a b, deposited in 
U.S.N.M. collection, No. 626023. 

Occurrence :—Ranges throughout all zones of the Tocuyo and 
Pozon formations as seen in the Pozon-El Mene Road Section. 

Globigerina nepenthes Todd PI. 8, figs. 44, 45 

Globigcrina nepenthes Todd, 1956, U.S. Geol. Surv., Prof. Paper 280-H, 

p. 301, pi. 78, fig. 7. 

Globigcrina nepenthes Todd, Bolli, 1957, U.S. Nat Mus., Bull., No. 215, p. 

Ill, pi. 24, figs. 2a-c. 

Remarks :—This distinctive species shows trends towards be¬ 
coming more tightly coiled and the chambers more strongly em¬ 
bracing. Concomitant with these trends, there is also a further 
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trend wherein the wall becomes thicker and the aperture less 
strongly arched so that later forms of the species appear rather 
Sphaeroidi?iella-Y\ke (PI. 8, fig. 45). 

Hypotype :—From sample, No. RM 20026, auger line near 
Pozon, eastern Falcon; Plate 8, figure 44, deposited in U.S.N.M. 
collection No. 626025. Figure 45, from sample, No. RM 20065, also 
deposited in U.S.N.M., collection, No. 626027. 

Occurrence :—Ranges from the base of the Globorotalia may- 
eri/Globigerina nepenthes Subzone to the top of the Globorotalia 
menardii menardii/Globigerina nepenthes Zone, Pozon formation. 

Globigerina parabulloides Blow, sp. nov. PI. 10, figs. 46a-c 

Diagnosis of species :—Test trochospiral with 9-10 chambers 
arranged in about three whorls and with four chambers in the last 
whorl; chambers ovate to subspherical, inflated and rather em¬ 
bracing, sometimes slightly appressed, increasing moderately rap¬ 
idly in size as added so that the equatorial profile of the test ap¬ 
pears distinctly elongate in the direction of the last chamber; 
equatorial periphery strongly lobate; axial periphery rounded; su¬ 
tures of the spiral side depressed, radial to slightly curved; sutures 
of the umbilical side depressed but not deeply incised, radial; um¬ 
bilicus small, rather shallow; aperture a low arch restricted 
in lateral extent to the umbilical depression, interiomarginal, um¬ 
bilical, and with a distinct lip or thickened rim; wall calcareous, 
perforate, rather thick; maximum diameter of holotype, 0.34 mm. 

Remarks :—This species differs from Globigerina praebullotdes 
Blow, sp. nov. in having a laterally restricted aperture with a dis¬ 
tinctive lip or thickened rim, a small and shallow umbilicus, a 
distinctly more trochospiral test which is more precisely coiled and 
inflated chambers. 

I his species differs from Globigerina bulloides d'Orbigny in 
having a much smaller and restricted aperture, a smaller umbili¬ 
cus, less deeply incised sutures and an elongate equatorial profile. 
Globigerina parabulloides is considered to be descended from Globi¬ 
gerina praebulloides but appears earlier than Globigerina bulloides. 

Transitional forms from Globigerina praebulloides to Globi - 
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gerina parabulloides occur in the Globorotalia mayeri/Globorotalia 
lenguaensis Sub zone. 

Holotype :—From sample. No. RM 19791, auger line near 
Pozon, eastern Falcon; Plate 10, figures 46a-c, deposited in U.S.N.M. 
collection. No. 625699. 

Occurrence :—Ranges from the Globorotalia may eri/Globoro¬ 
talia lenguaensis Subzone to the Globigerina bulloides Zone, Pozon 
formation. 

Globigerina praebulloides Blow, sp. now PI. S, figs. 47a-c; PI. 9, 48 

Globigerina aff. bulloides d’Orbigny, Stainforth, 1948, {pars) y Jour. Pal., 

vol. 22, No. 2, p. 118, pi. 25, figs.* 14, 15 (non figs. 16-18). 

Diagnosis of species'. —Test weakly trochospiral with 8-9 cham¬ 
bers arranged in about 2/z whorls, with usually 4, occasionally 5, 
chambers in the last whorl. The fifth chamber, when present, only 
rudimentary or small; chambers ovate, not much inflated but ap ? 
pressed and often slightly embracing, increasing rapidly in size as 
added so that the equatorial profile of the test appears distinctly 
elongate in the direction of the last chamber; equatorial periphery 
lobate; axial periphery rounded; sutures of the spiral and umbili¬ 
cal sides depressed but rather shallow, radial to slightly curved; 
umbilicus small and not deep; aperture a low to moderate arch, 
interiomarginal, umbilical; w r all calcareous, perforate; maximum 
diameter of holotype, 0.30 mm. 

Remarks'. —This species differs from Globigerina bulloides 
d’Orbigny in having an elongate, not subcircular, equatorial pro¬ 
file, and chambers which are normally ovate, appressed and often 
slightly embracing. The chambers increase more rapidly in size in 
this species and the coiling is less trochospiral and not so precise 
as in Globigerina bulloides. This species also differs from Globigerina 
bulloides in having a comparatively smaller, less strongly arched 
aperture and the test is consistently smaller in size. 

Stainforth (1948b, p. 118) noted the same characters as re¬ 
corded above for forms he referred to as Globigerina aff. bulloides 
“form A”, from the Oligocene of Ecuador; however, Stainforth 
described two different forms as Globigerina aff. bidloides , and his 
“form B” (Stainforth, 1948b, p. 121—explanation of plate 25, figs. 
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16-18) seems referable to the genus Globo rot alia. 

Globigerina praebulloides is considered as being ancestral to 
both Globigerina bulloides and Globigerina parabulloides. 

Holotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 8, figures 47a-c, deposited in U.S.N.M. 
collection, No. 625701. Figured paratype (PI. 9, fig. 48) also de¬ 
posited in U.S.N.M. collection, No. 625702. 

Occurrence'. —Ranges from the Catapsydrax stainjorthi Zone 
to the middle part of the Globorotalia menardii menardii/Globi¬ 
gerina nepenthes Zone, Tocuyo and Pozon formations. 

Genus GLOBOQl A1IK1XA Finlay, 1947 

The species referred to this genus have several features in 
common. One of the most important biocharacters is the peculiar 
toothhke flap (or projection) which restricts and modifies the 
aperture and projects into the umbilical depression. This tooth¬ 
like flap is regarded as being distinctly different from a normal lip 
seen in some species of Globigerina. In Globoquadrina the umbilical 
teeth (Bolli, Loeblich, and Tappan, 1957) lie within the umbilical 
depression, are usually pointed and often elongate, with an asym¬ 
metric outline as viewed from above. 

Normally the aperture, in the various adult species of Globo¬ 
quadrina discussed here, is interiomarginal, umbilical, but shows 
a tendency towards an interiomarginal, umbilical-extraumbilical 
position in some species, especially in juvenile forms or in the ear¬ 
lier chambers as seen in broken specimens. 

Members of this genus typically show lateral compression of 
the later chambers. 

Globoquadrina deliiseens dehiseens (Chapman, Parr, and Collins) 

Two groups of forms, which are regarded as subspecies, have 
been observed in the Pozon-El Mene Road section. The form de¬ 
scribed as Globoquadrina quadraria (Cushman and Ellisor) 1939, 
is regarded as being close to Globoquadruia dehiseens , and it is not 
possible to separate these two forms when dealing with a popula¬ 
tion. However, the type described as Globoquadrina quadraria var. 
advena Bermudez is distinctive and appears to have a different 
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stratigraphical range. Bermudez's variety is, however, regarded as 
being closely related to Globoquadrina dehiscens, and since the 
name given by Chapman, Parr, and Collins in 1934 has priority, 
the variety “advena” is considered as a subspecies of Globoquadrina 
dehiscens (Chapman, Parr, and Collins). 

Globoqundrina dehiscens dehiscens (Chapman, Parr, and Collins) 

PI. S, figs. 49a-c 

Globorotalia dehiscens Chapman, Parr, and Collins, 1934, Linn Soc. London, 
Jour. Zool., vol. 38, No. 262, p. 569, pi 11, figs. 36a-c (fide Ellis and 
Messina, 1940 et seq,). 

Remarks: —This subspecies possesses a fairly wide umbilicus, 
also distinctive asymmetrical umbilical teeth. The chambers are gen¬ 
erally not much embracing, and the sutures are distinct. It often 
shows much lateral compression of the later chambers, with a re¬ 
sultant quadrate outline. 

Ilypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 8, figures 49a-c, deposited in U.S.N.M. 
collection, No. 626028. 

Occurrence: —Ranges from the Catapsydrax stainjorthi Zone 
to the lower part of the Sphaeroidinella seminulina Zone, Tocuyo 
and Pozon formations. 

Globoquadrina dehiscens advena Bermudez PI. S, figs. 50a-b 

Globoquadrina quadraria (Cushman and Ellisor) var. advena Bermudez. 
1949, Cushman Lab. Foram. Res., Spec. Publ. 25, p. 287, pi. 22, figs. 36-38. 

Remarks: —This subspecies possesses a comparatively small, 
sometimes almost closed, umbilicus. The chambers are closely coiled 
and embracing, with the sutures indistinct. 

In general, the test appears rather quadrate, but it may appear 
almost subspherical owing to the tight coil, embracing chambers, 
and the lateral compression of the later chambers. 

Ilypotype: —From sample, No. RA4 19285, auger line near 
Pozon, eastern Falcon; Plate 8, figs. 50a-b, deposited in U.S.N.M. 
collection, No. 626030. 

Occurrence: —Ranges from the Gatapsydrax stainjorthi Zone 
to the Globorotalia mayeri/Globorotalia lenguaensis Subzone, To¬ 
cuyo and Pozon formations. 
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Globoqua(Irina altispira (Cushman and Jarvis) 
Globoquadrina altispira altispira (Cushman and Jarvis) PI. 8, figs. 51a-c 

Globigerina altispira Cushman and Jarvis, 1936, Cushman Lab. Foram. Res., 

Contr., vol. 12, pt. 1, p. 5, pi. 1, figs. 13a-c. 14 (fide Ellis and Messina, 

1940 ct scq.). 

Globoquadr'ina altispira altispira (Cushman and Jarvis), Bolli, 1957, U.S. 

Nat. Mus., Bull., No. 215, p. Ill, pi. 24, figs. 7a-8b. 

Remarks :—I his subspecies possesses axially elongate and often 
fairly strongly laterally compressed chambers. Distinct asymmetri¬ 
cal umbilical teeth occur. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 8, figures 51a-c, deposited in U.S.N.M. 
collection, No. 626032. 

Occurrence :—Ranges from the Catapsydrax stainforthi Zone 
to the basal part of the Globorotalia mayeri/ Globorotalia lenguaen- 
sis Subzone, Tocuyo and Pozon formations. 

Globoquadrina altispira globosa Bolli FI. 11 , figs. 52a-c 

Globoquadr'ina altispira globosa Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, 

p. Ill, pi. 24, figs. 9a-10c. 

Remarks :—Phis subspecies is distinguished from Globoquad¬ 
rina altispira altispira (Cushman and Jarvis) by having more glob¬ 
ular and less axially elongate chambers. Well-marked, slightly asym¬ 
metrical umbilical teeth are present. 

Hypotype: —From sample, No. RM 19542, auger line near 
Pozon, eastern Falcon; Plate 11, figures 52a-c, deposited in U.S.N.M. 
collection, No. 626034. 

Occurrence: —Ranges from the Catapsydrax stainforthi Zone 
to the top of the Globigerinatella insueta/Globigerinoides bispher- 
ica Subzone and then reappears at the base of the Globorotalia 
mayeri/Globorotalia lenguaensis Subzone ranging up to the Globo¬ 
rotalia menardii menardii/Globigerina nepenthes Zone, Tocuyo and 
Pozon formations. 1 he subspecies does not seem to occur in the 
intervening Globorotalia fohsi “Zone” ( si .) either in southern Trin¬ 
idad or in eastern Falcon. 

Globoquadrina larnieui Akers PI. 11 , figs. 53a-c 

Globoquadrina larmeui Akers, 1955, Jour. Pal., vol. 29, No. 4, p. 661, pi. 

65, figs. 4a-4c. 
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Remarks'. —The specimens from eastern Falcon compare well 
with the figures given by Akers. As Akers (1955) remarked this 
species is closer to the genus Globigerina than other recorded spe¬ 
cies of the genus Globoquadrina. However, the umbilical teeth are 
distinctive and the aperture shows a slight tendency towards an 
interiomarginal, umbilical-extra umbilical position. 

The umbilicus of this species is shallow especially when com¬ 
pared to other species of Globoquadrina . 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 11, figures 53a-c, deposited in U.S.N.M. 
collection, No. 625721. 

Occurrence :—Occurs from the top of the Catapsydrax stain- 
jorthi Zone to the Globorotalia mayerifGlobigerina nepenthes Sub¬ 
zone. Tocuyo and Pozon formations. 

Globoquadrina pozonensis Blow, sp. nov. PI. 10, figs. 54a-c, 55, 56 

Diagnosis of species :—Test distinctly trochospiral with 11-12 
chambers arranged in about 2Vi whorls and with 4-5 chambers in 
the last whorl; chambers subspherical to ovate but sometimes 
rather appressed and also slightly compressed laterally; equatorial 
periphery lobate; equatorial profile subcircular; axial periphery 
rounded; sutures of the spiral and umbilical sides radial and de¬ 
pressed; umbilicus rather small but deep; aperture a rather small 
arched opening with a distinct umbilicial tooth; in the adult gen¬ 
erally interiomarginal, umbilical, but in some specimens (PI. 10, fig. 
55) interiomarginal, umbilical-slightly extraumbilical; apertures 
of the early chambers and in juvenile specimens distinctly interio¬ 
marginal, umbilical-extraumbilical; wall calcareous, coarsely per¬ 
forate and often rather rough to slightly spinose; maximum di¬ 
ameter of holotype, 0.28 mm. 

Remarks :—This species shows a distinctly interiomarginal, 
umbilical-extraumbilical aperture in the early chambers which 
becomes generally interiomarginal, umbilical in the adult. The um¬ 
bilical teeth, although small, are distinct. The sutures are usually 
distinct, notwithstanding the rather appressed and laterally com¬ 
pressed chambers seen in some specimens. 
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Globoquadrina pozonensis distinguished from Globoquadrina 
altispira globosa Bolli by the rather more appressed chambers, rela¬ 
tively smaller umbilicus, relatively smaller aperture and consistently 
smaller test and by the coarsely perforate and rather rough wall. 

Ilolotype :—From sample, No. RM 20065, auger line near Po¬ 
zon, eastern Falcon; PI. 10, figures 54a-c, deposited in U.S.N.M. col¬ 
lection, No. 625703. (Figured paratypes from same sample also 
deposited in U.S.N.M.) 

Occurrence :—Ranges from the Globorotalia mayeri/Globi- 
bigerina nepenthes Subzone to the Globigerina bulloides Zone, Pozon 
formation. 

Globoquadrina rohri (Bolli) PI. 11, figs. 57a-c 

Globigerina rohri Bolli, 1957, U.S. Nat. Nlus., Bull.. No. 215, p. 109, pi. 23, 

figs. la-4b. 

Remarks :—Bolli (1957) placed his species in the genus Glob¬ 
igerina and did not mention the occurrence of umbilical teeth. 
Bolli also pointed out that in his specimens the umbilicus is small 
and almost closed. Most of the writer’s specimens also show the 
nearly closed umbilicus, but some specimens show a rather wider 
umbilicus and a well-marked asymmetrical umbilical tooth; in 
other respects these specimens show no further differences in mor¬ 
phology. 

Bolli (1957) recorded this species as occurring not higher than 
the Catapsydrax dissimilis Zone but the writer's specimens come 
from the lower part of the overlying Catapsydrax stainforthi Zone, 
and the more open umbilicus may be a more advanced feature of 
some phylogenetic significance. These forms with the wider umbili¬ 
cus and distinctive umbilical teeth show some features in common 
with the Globoquadrina dehiscens group and it seems likely that 
Globoquadrina rohri may be the ancestor of Globoquadrina de¬ 
hiscens. 

Holotype :—From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; Plate 11, figures 57a-c, deposited in U.S.N.M. 
collection, No. 626036. 

Occurrence :—Occurs only in the lower part of the Catapsydrax 
stainforthi Zone, Tocuyo formation. 
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Globoquadrina venezuelana (Hedberg) PL 11, figs. 58a-c, 59 

Globigerina venezuelana Hedberg, 1937, Jour. Pal., vol. 11, No. 8, p. 681, pi. 

92, figs. 7a-b. 

Remarks :—This species is referred to the genus Globoquadrina 
Finlay, as Finlay (1947) suggested. Inspection of Hedberg’s (1937) 
type figure 7a shows a pointed umbilical tooth projecting into the 
umbilicus; this feature has been seen in all the writer’s specimens, 
although the umbilical teeth may be small and in some cases 
rudimentary. 

Bolli (1957) discussed the variation in size and shape of the 
chambers of this species as seen in the Cipero and Lengua forma¬ 
tions of southern Trinidad, and a similar variation is seen in 
eastern Falcon. However, the differences in morphology seem to 
be variable and not sufficiently constant for taxonomic subdivision 
of the species. Besides the variation in lateral compression of the 
chambers as noted by Bolli (1957), the writer has noted that forms 
with a closed or nearly closed umbilicus and with small umbilical 
teeth are most frequent from the Catapsydrax stainforthi Zone to 
Globorotalia fohsi fohsi Zone, whilst forms with comparatively 
more open umbilici and more distinct umbilical teeth occur most 
frequently from the Globorotalia fohsi lobata Zone to the Globoro¬ 
talia menardii menardii/Globigerina nepe?ithes Zone. Tn the Sphae- 
roidinella semimdina Zone and in the Globigerina bidloides Zone 
only the forms with the larger umbilici and more distinctive um¬ 
bilical teeth have been observed. (See fig. 59.) 

Hypotype :—From sample, No. RM 19188, auger line near 
Pozon, eastern Falcon; Plate 11, figures 58a-c, deposited in U.S.N.M. 
collection No. 626038. Plate 11, figure 59, from sample, No. RM 
19542, deposited in U.S.N.M. collection. No. 626040. 

Occurrence: —Ranges throughout the Pozon-Kl Mene Road 
section ( Catapsydrax stainforthi Zone to Globigerina bidloides 
Zone), Tocuyo and Pozon formations. 

Genus GLOmGKKIXOIDKS Cushman, 1927 
Globigerinoiries triloba (Reuss) 

The writer agrees with the views of Bolli (1957, p. 112) re¬ 
garding the relationship of both Globigerinoides sacculifera (Brady) 
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and a form recorded by LeRoy (1939) as Globigerinoides saccidijera 
immatura to Globigerinoides triloba (Reuss). Forms transitional 
between these species are often difficult to place with certainty. 
This is especially so for Globigerinoides triloba (Reuss) and Glo¬ 
bigerinoides saccidijera immatura LeRoy, whilst a study of the 
ontogeny of Globigerinoides sacculifera (Brady) shows that it is 
only the possession of a saclike, elongate final chamber which dis¬ 
tinguishes this form from Globigerinoides sacculifera immatura 
LeRoy. These closely related forms, which appear practically at 
the same time in the Globorotalia kugleri Zone (Bolli, 1957), are 
treated here as subspecies of Globigerinoides triloba (Reuss), since 
Reuss's name has priority. Bolli (1957) described another form, 
which is closely related to this group, as Globigerinoides triloba 
altiapertura. 

Globigerinoides triloba triloba (Reuss) FI. 11, figs. 60a-b 

Globigerina triloba Reuss, 1850, K. Akad. Wiss, Wien, Math.-Nat. Cl., 

Denkschr., vol. 1, p 374, pi. 47, figs, lla-d (fide Ellis and Messina, 1940 

et seq.). 

Globigerinoides triloba (Reuss), Blow, 1956, Mieropaleontology, vol. 2, No. 

1, p. 62, text-fig. 1, Nos. 1-3. 

Globigerinoides triloba triloba (Reuss), Bolli, 1957, U.S. Nat. Mus., Bull., 

No. 215, p. 112, pi. 25, figs. 2a-c. 

Remarks :—This is distinguished from Globigerinoides triloba 
immatura LeRoy in having a more inflated final chamber which 
embraces more of the earlier test. It has, in general, a more elon¬ 
gate and narrower primary aperture than Globigerinoides triloba 
immatura LeRoy. 

Holotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 11, figures 60a-b, deposited in U.S.N.M. 
collection, No. 626125. 

Occurrence :—Ranges from the base of the Pozbn-El Mene 
Road section ( Catapsydrax stainforthi Zone) to the Globigerina 
bulloides Zone, Tocuyo and Pozon formations. 

Globigerinoides triloba altiapertura Bolli PI. 10, figs. 61a-b 

Globigerinoides triloba altiapertura Bolli, 1957, U.S. Nat. Mus., Bull., No. 

215, p. 113, pi. 25. figs. 7a-8. 

Remarks :—This subspecies is distinguished from other sub- 
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species of the triloba group by having a large and highly arched 
primary aperture. It is distinguished from Globigerinoides bollii 
Blow, sp. nov. by having inflated, spherical chambers, and larger 
supplementary apertures; the chambers are, moreover, not em¬ 
bracing. 

Hypotype :—From sample. No. RM 19152, auger line near 
Pozon, eastern Falcon; Plate 10, figures 61a-b, deposited in U.S.N.M. 
collection, No. 626127. 

Occurrence :—Ranges from the base of the Pozon-El Mene 
Road section (Catapsydrax stainforthi Zone) to the lower part of 
the Globigerinatella insueta/Globigerinoides triloba Subzone, To- 
cuyo formation. 

Globigerinoides triloba iminatiira LeRoy PI. 11, figs. 62a-b 

Globigerinoides sacculifcrus (Brady) var. immature Leroy, 1939, Natuurk. 
Tijdschr. Nederl.-Indie, deel 99, afl. 6, p. 263, pi. 3, figs. 19-21 (fide Ellis 
and Messina, 1940, et seq.). 

Globigerinoides triloba immatura LeRov, Bolli, 1957, U.S. Nat. Mus., Bull., 
No. 215, p. 113, pi. 25, figs. 3a-4c. 

Remarks :—This subspecies differs from Globigerinoides triloba 
sacculifera (Brady) by not having a saclike elongate final chamber. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 11, figures 62a-b, deposited in U.S.N.M. 
collection, No. 626129. 

Occurrence :—Ranges from the base of the Pozon-El Mene 
Road section ( Catapsydrax stainforthi Zone) to the Globigerina 
bulloides Zone, Tocuyo and Pozon formations. 

Globigerinoides triloba sacculifera (Brady) PL 11, figs. 63a-b 

Globigerina sacculifera Brady, 1877, Geol. Mag., n.s. decade 2, vol. 4. No. 12, 
p. 535, figures in Brady, 1884, Challenger Exped. Kept.. Zool., vol. 9, 
pi. 90, figs. 15 and 16 ( fide Ellis and Messina, 1940 et seq.). 

Globigerinoides triloba sacculifera (Brady), Bolli, 1957, U.S. Nat. Mus., Bull., 
No. 215, p. 113, pi. 25, figs. 5a-6. 

Remarks :—This subspecies is distinguished by the character¬ 
istic saclike, final chamber. Both the primary and the dorsal sup¬ 
plementary apertures of the last chambers seem to be rather more 
strongly arched than the apertures of the last chamber of Glo¬ 
bigerinoides triloba immatura LeRoy. 
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Hypotype :—From sample, No. RM 19697, auger line near 
Pozon, eastern Falcon; Plate 11, figures 63a-b, deposited in U.S.N.M. 
collection, No. 626131. 

Occurrence :—Ranges from the base of the Pozdn-El Mcne 
Road section ( Catapsydrax stainforthi Zone) to the Globigerina 
bulloides Zone, Tocuyo and Pozon formations. 

Globigerinoides bispberica Todd Fl. 11, fig. 64 

Globigerinoides bispherica Todd, 1954, Amer. Jour. Sci., vol. 252, No. 11, 
p. 681, pi. 1, figs. la-c. 

Globigerinoides bispherica Todd, Blow, 1956, Micropaleontology, vol. 2, No. 
1, p. 62, text-fig. 1, Nos. 4-8; text-fig. 2, Nos. 10-11. 

Globigerinoides bisphrrica Todd, Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, 
p. 114, pi. 27, figs. la-b. 

Remarks :—Blow (1956) emended the original description of 
Todd (1954) in order to recognize Porticulasphaera glomerosa 
(Blow). As emended, Globigerinoides bispherica shows two to 
four apertures along the suture between the last and earlier cham¬ 
bers. The last chamber embraces about 15 to 35 percent of the 
penultimate and earlier chambers. The primary aperture is still 
distinct, although it is elongate and often partially constricted 
by ingrowths of clear shell material which tend to subdivide it. 

This species is regarded as the ancestor of Porticulasphaera 
glomerosa (Blow) and Porticulasphaera transitoria (Blow). 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 11, figure 64, deposited in U.S.N.M. 
collection, No. 626133. 

Occurrence :—Ranges from the base of the Globigerinatella 
insueta/Globigerinoides bispherica Subzone to the lower part of 
the Globorotalia fohsi barisanensis Zone, Tocuyo, and Pozon for¬ 
mations. 

Globigerinoides bollii Blow, sp. nov. PI. 10, figs. 65a-c 

Diagnosis of species :—Test trochospiral with four chambers 
in the last whorl; equatorial periphery lobate; axial periphery 
rounded; chambers subspherical or ovate, much embracing; sutures 
of the spiral and umbilical sides depressed but often indistinct, 
radial to slightly^ curved; umbilicus small, often almost completely 
closed; primary aperture interiomarginal, umbilical, the opening 
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almost completely circular but generally rather small; supplemen¬ 
tary apertures on the spiral side, sutural, small; usually only one 
present, situated in the suture between the last chamber and its 
predecessor, although an additional supplementary aperture may 
be present in the suture between the penultimate and antepenulti¬ 
mate chambers; wall calcareous, perforate, often rather thick; 
maximum diameter of holotype, 0.34- mm. 

Remarks :—This species differs from Globigerinoides obliqua 
Bolli in having much more embracing chambers, a small, almost 
circular, primary aperture, and in the last few chambers not show¬ 
ing any lateral and oblique compression. A characteristic of this 
species is the “cut-in” nature of the umbilical margin of the pri¬ 
mary aperture. Early forms of this species only show one supple¬ 
mentary aperture on the spiral side which is situated in the suture 
between the last and penultimate chambers. However, in later 
forms from the Globorotalia menardii menardii/ Globigerina nep¬ 
enthes Zone, an additional supplementary aperture appears in the 
suture between the penultimate and antepenultimate chambers. 

This species seems to have a different origin from that of 
the Globigerinoides triloba group. According to Bolli (1957), 
Globigerinoides triloba■ (Reuss) appears to originate in the Globo¬ 
rotalia kugleri Zone and to develop from a form recorded by him 
as Globigerina cf. trilocularis d’Orhigny. However, Globigerinoides 
bollii does not appear until the basal part of the Globorotalia 
mayeri/Globigerina' nepenthes Subzone and seems to have origi¬ 
nated from a Globigerina sp., which has an otherwise similar 
morphology to this species but does not have supplementary aper¬ 
tures. This Globigerina sp. is scarce and appears to be limited to 
the upper part of the Globorotalia fohsi robusta Zone. 

This species is named after Dr. H. M. Bolli in recognition of the 
valuable training the writer received from him whilst in Trinidad. 

Holotype : — From sample, No. RM 19697, auger line near 
Pozon, eastern Falcon; Plate 10, figures 65a-c, deposited in 
U.S.N.M. collection, No. 625717. 

Occurrence :—Ranges from the base of the Globorotalia may- 
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e ri/Glob or ot alia lenguaensis Subzone to the Globigerina bulloides 
Zone, Pozon formation. 

Globigerinoides diininuta Bolli PI. 13, figs. 66a-b 

Globigerinoides diminuta Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 114, 
pi. 25, figs, lla-c. 

Remarks: —This species is distinguished from Globigerinoides 
rubra (d’Orbigny) by its more embracing chambers, its distinctly 
quadrate outline, and its consistently smaller size. 

Ilypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 13, figures 66a-b deposited in 
U.S.N.M. collection, No. 626135. 

Occurrence: —Ranges from the upper part of the Globiger- 
inatella insuet a / Globigerinoides triloba Subzone to the top of the 
Globigerinatella insueta/Globigerinoides bispherica Subzone, To¬ 
cuyo and Pozon formations. It is a useful marker for this interval. 

Globigerinoides mitni Todd PI. 13, fig. 67 

Globigerinoides mitra Todd, 1956, U.S. Geol. Suv., Prof. Paper 280-lf, p. 
302, pi. 78, figs. 3,6. 

Globigerinoides mitra Todd, Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, 
p. 114, pi. 26, figs. la-4. 

Remarks: —Only a few specimens of this particularly high- 
spired and large species of Globigerinoides have been observed in 
the Pozon formation. 

The occurrence of this species seems to be strongly influenced 
by ecological conditions and to occur in faunas which are sug¬ 
gestive of a deepwater environment. 

The observed specimens appear to be typical and compare 
well with those figured by both Todd and Bolli in spite of the 
comparatively poor preservation and adherent matrix. 

Ilypotype: —From sample, No. RM 19507, auger line near 
Pozon, eastern Falcon; Plate 13, figure 67, deposited in U.S.N.M. 
collection, No. 626137 

Occurrence: —Only observed in isolated samples from the 
Globorotalia nmyeri Zone ( s.l. ), Pozon formation. 

Globigerinoides obliqna Bolli PI. 11. figs. 6Sa-b 

Globigerinoides obliqua Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 113, pi. 
25, figs. 9a-10c 
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Remarks :—This species is distinguished from the Globigeri- 
noides triloba group by having the last, or last few, chambers 
compressed in a lateral and oblique manner. Although Bolli (1957) 
referred to his species as having a small umbilicus, there is a 
general trend, in sediments above the Globorotalia mayeri/Globo- 
rotalia lenguaensis Subzone, towards the coiling becoming more 
lax and the umbilicus becoming larger. Also, concomitant with 
this trend towards laxity of coiling, the chambers become increas¬ 
ingly more separated. 

A typical feature of this species is the elongate, although 
arched, primary aperture. 

Holotype :—From sample No. RM 19444, auger line near 
Pozon, eastern Falcon; Plate 11, figures 68a-b, deposited in U.S.N.M. 
collection, No. 626041, 

Occurrence :—Ranges throughout the Pozon-EI Mene Road 
section ( Gatapsydrax stainforthi Zone to Globigerina bulloides 
Zone), Tocuyo and Pozon formations. 

<ilobigerinmides rubra (d’Orbigny) PI. 11, fig. 70; PI. 13, figs. 69a-b 

Globiycrinoidcs subquadrata Bronnimann, in Todd, Cloud, Low, and Schmidt, 
1954, Amer. Jour. Sci., vol. 252, p. 680, pi. 1, fig. 5. 

Globigcrinoidcs rubra (d’Orbigny), Bolli, 1957, U.S. Nat. Mus., Bull., No. 
215, p. 113, pi. 25, figs. 12a-13b. 

Remarks :—This species is distinguished by the position of the 
primary and supplementary sutural apertures which are always 
symmetrically placed above the suture between two earlier cham¬ 
bers. 

Ilypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 13, figures 69a-b, deposited in U.S.N.M. 
collection, No. 626043. Plate 11, figure 70, from sample, No. RM 
20131, deposited in U.S.N.M. collection, No. 626045. 

Occurrence: —Ranges throughout all zones of the upper Tocuyo 
and Pozon formations and is common to abundant below the lower 
part of the Globorotalia mayeri/Globorotalia lenguaensis Subzone. 
The species becomes scarce and has only been observed infrequently 
in the upper part of the Globorotalia may eri/ Globorotalia lenguaem 
sis Subzone and the Globorotalia mayeri/Globigenna nepenthes 
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Zone, but it becomes fairly frequent again in the Sphaeroidinella 
seminulina and the Globigerina bulloides Zones, Pozon formation. 

Genus S PH A E R 011 > IX ft I; LA Cushman, 1927 

Cushman erected this genus in 1927 with Sphaeroidina dehis- 
cens Parker and Jones as the type species. However, the generic des¬ 
cription of Cushman is somewhat misleading since he states “Test 
in early stages like Globigerina with coarsely cancellate surface”. 
Cushman did not mention the characteristic thick and “polished" 
wall of the adult. Sphaeroidinella dehiscens (Parker and Jones) 
possesses a thick wall with a smooth outer surface which appears 
rather glassy and “polished” in reflected light. The writer made 
sections of Sphaeroidinella dehiscens dehiscens (Parker and Jones), 
Sphaeroidinella dehiscens subdehiscens Blow, subsp. nov. and 
Sphaeroidinella seminulina seminulina (Schwager) and found the 
wall structure similar in each of these forms. The typical wall 
structure is shown in the camera lucida drawing (PI. 12, fig. 72) 
of a section of Sphaeroidinella dehiscens subdehiscens . 

In thin section, the wall of Sphaeroidinella appears to be com¬ 
posed of three layers: 

(a) a thin external “cortex”, (b) a thick middle layer, (c) a thin 
inner layer (see fig. 72, PI. 12) 

(a) External Cortex. 

The actual structure of the outer cortex is difficult to determine 
but, between crossed nicols, shows intereference colours of a lower 
order than either the middle or innermost layer. It is thought that 
this outer cortex may be lamellar in structure but it cannot be con¬ 
sidered as “imperforate” since pores are present but are much re¬ 
duced in size as compared with the pores present in the middle 
and innermost layers. In reflected light this cortex appears hyaline 
and smooth with a polished appearance. 

The outer cortex also appears more liable to alteration and 
solution than the other layers since it has been noticed that pvri- 
tization and limonitization often affect the cortex but not the 
inner layers. Further, the writer has noticed specimens in which the 
cortex has been removed from a part of the test, so exposing the 
middle layer which then appears very coarsely perforate. In Sphaer¬ 
oidinella dehiscens subdehiscens Blow, subsp. nov., for a specimen 
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0.35 mm. maximum dimension, this outer cortex (over the cham¬ 
bers) is in the order of 0.005 mm. to 0.006 mm. thick as compared 
with a total wall thickness of between 0.05 mm. and 0.06 mm. In the 
apertural and sutural regions of the test the cortex becomes much 
thicker (see fig. 72, PI. 12). 

(b) Thick Middle Laver . 

This thick middle layer comprises most of the test wall and 
is in the order of between 0.045 mm. and 0.055 mm. thick. The 
structure of this layer appears to be coarsely radial with large 
“bundles of fibres" arranged approximately at right-angles to the 
test surfaces. The pores are large in this layer, being about 0.008 
to 0.01 mm. in diameter but becoming, abruptly, much narrower at 
the junction of the outer cortex and this layer. It also seems likely 
that not all the pores present in this layer continue to the exterior 
via the cortex. The large pores of this layer can be seen through 
the glassy outer cortex in reflected light. 

(c) Innermost Layer. 

This layer also appears to be radial in structure but rather 
finely so. The writer has not observed any significant difference 
in the diameter of the pores within this layer and as seen in the 
middle layer. 

Sphaeroidimdln dehiscens (Parker and Jones) 

The writer now considers that certain Miocene forms previously 
referred to this species (Stainforth, 1948b; Weiss, 1955) should 
he separated at subspecific-level from the Pliocene to Recent, typical 
Sphaeroidinella dehiscens such as those figured by Wiseman and 
Ovey (1950, pi. 3 fig. 4), Phleger, Parker, and Pierson (1953, pi. 
2, fig. 19), and also Kane ( 1953, pi. 2, fig. 23). The writer is in¬ 
debted to Miss R. Todd (U. S. Geological Survey, Washington, 
D.C.) who sent specimens of Recent Sphaeroidinella dehiscens 
from near Bikini Atoll, Marshall Islands. Following the examination 
of this Recent material, as well as specimens from the Pliocene and 
Pleistocene of Sicily, two subspecies of this form should be dis¬ 
tinguished as Sphaeroidinella dehiscens dehiscens (Parker and 
Jones) and Sphaeroidinella dehiscens subdehiscens Blow, subsp. nov. 
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Sphaeroidinella dehiscens dehiscens (Parker and Jones) 

Sphaeroidina bulloides d'Orbigny var. dehiscens Parker and Jones, 1865, 
Roy. Soc. London, Phil. Trans., vol. 155, p. 369, pi. 19, figs. 5a-c (fide Ellis 
and Messina 1940 et seq.). 

Remarks'. —In Sphaeroidinella dehiscens dehiscens the test is 
large with the chambers much embracing and with little external 
trace of the sutures between the penultimate and earlier chambers. 
The apertures are deep-set, elongate, with very strongly crenulate 
margins. Furthermore, in typical specimens of this form a distinct 
and well-marked supplementary aperture occurs in addition to the 
primary umbilical aperture. 

Sphaeroidinella dehiscens subdehisceiis Blow, subsp. nov. 

PI. 12, figs. 71a-c, 72 

Sphaeroidinella rutschi Cushman and Renz, Renz, 1948. (pars) } Geol. Soc. 
Amer., Mem. 32, p. 167, pi. X, fig. lc (refigured paratyp-e), non figs, la-lb 
refigured holotype). 

Sphaeroidinella dehiscens Stainforth (non Parker and Jones), 1948, Jour 
Pal., vol. 22, No. 2, p. 124, pi. 26, fig. 20. 

Sphaeroidinella dehiscens W-eiss, (non Parker and Jones), 1955, Micropal- 
entology, vol. 1, p. 313, pi. 3, figs. 28-29. 

Sphaeroidinella rutschi Cushman and Renz, Bolli, 1957, U. S. Nat. Mus., 
Bull., No. 215, p. 115, pi. 26, figs. 6a-7b. 

Diagnosis of subspecies: —Test low trochospiral with three, 
seldom with three and one half, chambers in the last whorl; cham¬ 
bers, in general, rather embracing, sutures not depressed but usually 
fairly distinct, especially the suture between the last and earlier 
chambers; equatorial periphery slightly lobate with the test appear¬ 
ing ovate in equatorial profile; axial periphery rounded; umbilicus 
small or closed; aperture interiomarginal, umbilical, an elongate slit 
or low arch, often with thickened and crenulate margins composed 
essentially of a thickening of the outer cortex; wall calcareous, 
thick, composed of an outer cortex and a thick inner part which is 
radial in structure; inner part coarsely perforate, outer part smooth 
and glassy in reflected light; maximum diameter of holotype, 0.50 
mm. 


Remarks: —This subspecies is distinguished from Sphaeroidi¬ 
nella dehiscens dehiscens (Parker and Jones) by its less embracing 
chambers, more distinctive sutures, less deeply set aperture, ab¬ 
sence of supplementary apertures, a slightly more lobate equa- 
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torial periphery and a generally smaller overall test size. It is inter¬ 
esting to observe that C. D. Redmond (in Stainforth, 1948b, p. 124) 
recorded this form from the Miocene of Colombia, but did not re¬ 
gard it as typical Sphaeroidinella dehiscens dehiscens. 

Recently, the writer observed this subspecies in Sicily where, 
m the uppermost Miocene basal Pliocene, transitional forms to 
Sphaeroidinella dehiscens dehiscens occur. Transitional forms from 
Sphaeroidinella seminulina seminulina (Schwager) (PI. 12, fig. 73) 
occur in the uppermost part of the Globorotalia johsi rob list a Zone 
both in Trinidad and eastern Falcon. 

Ilolotype :—From sample, No. RM 19514, auger line near 
Pozdn, eastern Falcon; Plate 12, figures 71a-c, deposited in U.S.N.M. 
collection No. 625705. 

Occurrence :—Ranges from the uppermost part of the Globoro¬ 
talia johsi robust a Zone to the Globigerina bulloides Zone, Pozdn 
formation. 


Spliaeroiilinella semIiiuliiia (Schwager) 

Fhe type illustrated by Schwager (1866, p. 256, pi. 7, fig. 112, 
jide Ellis and Messina, 1940, et seq.) shows a form with the last 
chamber distinctly smaller than the penultimate and third chambers 
combined whereas in Sphaeroidinella dehiscens subdehiscens Blow, 
subsp. nov. the last chamber is approximately equal to the penulti¬ 
mate and third chambers combined. The aperture of Schwager’s 
type is almost symmetrically placed with respect to the suture 
between the penultimate and third chamber, restricted to the 
umbilical region, not greatly elongated and without distinctly cren- 
ulate margins. It is possible, judging from Schwager’s illustration, 
that the aperture of his form is lipped whilst the sutures seem to be 
fairly well marked. 

Some apparently primitive forms have been observed from the 
Globigerinatella insueta Zone (s.l. ) (PI. 12, figs. 74, 75) which 
appear close indeed to Schwager's type. The features of importance, 
separating these primitive forms from Sphaeroidinella dehiscens sub¬ 
dehiscens , seem to be the rather open and less narrow aperture, ab¬ 
sence of distinct crenulate margins and the less embracing chambers. 
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Further, the aperture in Schwager s type is more nearly restricted to 
the umbilical area and is not an elongate, rather slitlike opening ex¬ 
tending greatly along the suture between the last and earlier cham¬ 
bers as it is in Sphaeroidinella dehiscens subdehiscens. 

The Sphaeroidinella seminulina-Sphaeroidinella dehiscens group 
is complex and still requires further work, but at present the writer 
feels justified in recognizing two subspecies of Sphaeroidinella semi- 
nidina although further subdivision of this species may prove to be 
necessary. 

Sphaeroidinella seiniiuiliiia seiniimlina (Schwager) 

Pl. 12, figs. 74, 75, 76, 77a-c 

Globigcrina seminulina Schwager, 1866, Geol. Theil, Bd. 2, Abt. 2, p. 256, 
pl. 7, fig. 112 ( fide Ellis and Messina, 19+0 ct. seq.). 

Globigcrina seminulina Schwager, LeRoy, 1941, Colorado School Mines, 
Quart., vol. 36, No. 1, pt. 1, p. 44, pl. 3, fig. 108. 

Sphaeroidinella grimsdalei (Keijzer), Bolli, 1957 (Pars), U.S. Nat. Mus., 
Bull., No. 215, p. 114, pl. 26, figs. 8-11, non figs. 12a-c. 

Remarks :—Within the plexus now assigned to this subspecies 
two generalized groupings can be distinguished. The first “group” 
is centered around forms similar to that illustrated in figure 75, Plate 
12, with forms similar to those illustrated in figures 74 and 76, Plate 
12 forming the extremes of variation. The second “group” is cen¬ 
tered around forms similar to that illustrated in figures 77a-c but 
also shows gradation to Sphaeroidinella seminuina kochi (Caudri). 

In the Globigerinatella insueta Zone ( s.l .) and in the Globoro - 
talia johsi barisanensis Zone the first “group" predominates but 
does continue to the Sphaeroidinella seminulina Zone. Above the 
Globorotalia johsi barisanensis Zone the second “group” predomin¬ 
ates and in the basal part of the Globorotalia johsi lobata Zone 
forms transitional to Sphaeroidinella seminulina kochi appear. 
Whilst Sphaeroidinella semimdina kochi can be considered as quite 
distinctive with a markedly different stratigraphical range, the 
two “groups” of Sphaeroidinella seminulina semimdina recognized 
here seem to form a closely interwoven evolving plexus, and the 
writer does not feel fully justified in making any further taxonomic 
subdivision. However the second “group” (figures 77a-c, Pl. 12) is 
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similar to LeRoy s Sphaeroidinella multiloba (LeRoy, 1944, pt. 2, 
p. 91, pi. 4, figs. 7-9) anti further work may allow recognition of 
LeRoy’s type as a distinct subspecies of Sphacroidinella seminulina 
(Schwager). In this connection it is useful to point out that LeRoy 
(1944, p. 91) stated that his type might “represent a more matured 
phase of Globigerina seminulina Schwager’’. Bolli (1957, p. 114) 
pointed out that during the course of evolution the tests of this 
species tend to become larger and the last whorl may consist of 
three or four chambers. However, the forms mentioned by Bolli as 
having five or six chambers are now referred to Sphacroidinella 
seminulina kochi. In addition to the trends noted by Bolli, there 
seems to be a further trend wherein the chambers become more 
inflated and better separated whilst the coiling becomes more lax. 
It is emphasized, however, that both, “groups” are present in sedi¬ 
ments above the Globorotalia fohsi barisanensis Zone and that 
Sphaeroidinella dehiscens subdehiscens Blow, subsp. nov. appears 
to develop from the first “group” in the uppermost part of the 
Globorotalia fohsi robust a Zone. Figure 73, Plate 12, illustrates a 
form which appears to be transitional between the two forms. 

Hypotype :—From sample, No. RM 19820, auger line near 
Pozdn, eastern Falcon; Plate 12, figures 77a-c, deposited in U.S.N.M. 
collection, No. 625727. (Other illustrated specimens also deposited 
in U.S.N.M.) 

Occurrence :—Ranges from the upper part of the Globigerina - 
tella insuet a Globigerinoides triloba Subzone to the top of the 
Sphaeroidinella seminulina Zone, Tocuyo and Pozdn formations. 

Sphaeroidinella seminulina kochi (Caudri) PI. 12, figs. 78. 79 

Globigerina sp. Koch, 1923, Bericht. Schweiz. Pal. Ges., vol. 18, p. 355, text- 
figs. 8a-b ( fide Ellis and Messina, 1940 rt seq.). 

Globigerina kochi Caudri, 1934, “T-ertiary deposits of Soemba”, p. 144. ( fide 
Ellis and Messina, 1940 et srq.). 

Sphaeroidinella kochi (Caudri), Glaessner, 1943, Roy. Soc. Victoria, Proc., 
vol. 55 (new ser.), pt. 1, p. 69 (list). 

Sphaeroidinella grimsdalei (Keijzer), Bolli, 1957 (pars), U.S. Nat. Mus. 
Bull. 215, p. 114, pi. 26, figs. 12a-c, non figs. 8-11. 

Remarks: —This subspecies is distinguished from Sphaeroid¬ 
inella s J eminulina seminulina (Schwager) b}^ having five or six 
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(occasionally seven) chambers in the last whorl, a more open 
umbilicus, a fairly strongly arched aperture and well-separated 
chambers which tend to be distinctly elongated radially. The test 
wall in this subspecies tends to be less thick but appears to be com¬ 
posed of the three layers discussed previously. 

Hypotype: —From sample, No. RM 19S07, auger line near 
Pozon, eastern Falcon; Plate 12, figure 79, deposited in U.S.N.M. 
collection, No. 625729. Figure 78, deposited in U.S.N.M. collection, 
No. 626046. 

Occurrence'. —Ranges from the lower part of the Globorotalia 
fohsi lobata Zone to the upper part of the Sphaeroidinella seminu- 
lina Zone, Pozcn formation. 

Subfamily OKBULINIXAE 
Genus BIOIMllLIXA Blow, 1956 

In this genus the penultimate (not the ultimate) chamber 
embraces the earlier part of the test whilst at least some of the 
apertures are areal. 

Biorbnlina bilobata (d’Orbigny) PI. 13, figs. 80, 81 

Globigeruia bilobata d’Orbigny, 1846, Foraminiferes fossiles du bassin 
tertiaire de Vienne (Autriche), p. 164, pi. 9, figs. 11-14, ( fide Ellis and 
Messina, 1940 et seq.). 

Biorbnlina bilobata (d'Orbigny), Blow, 1956, Micropaleontology, vol. 2, No. 
1, p. 69, text-fig. 2, no. 16. 

Hypotype :—From sample, No. RM 19304, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626047. 
(Figures 80, 81, Plate 13, reproduced from Blow, 1956, text-fig. 2, 
No. 16, and text-fig. 3, respectively). 

Occurrence :—Ranges from the upper part of the Globigerin- 
atella insueta/Globigerinoides bisphenca Subzone to the Globiger- 
ina bidloides Zone, Pozon formation. 

Genus 0KBUL1NA d’Orbigny, 1839 

Blow (1956) emended the original diagnosis of Orbidina to 
include only those forms in which the last chamber either com¬ 
pletely or almost completely embraces the earlier part of the test 
and where, at least, some of the apertural pores are areal in position. 
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Orbulina suturalis Bronnimann 


OrbuVina suturalis 
Contr., vol. 2, pt 


Bronnimann, 1951 (pars), Cushman 
4, p. 135, text-fig. 2, Nos. 1-2, 5-8, 


3-8, 11, 13-16, 18, 20-22; text-fig. +, 
Orbulina suturalis Bronnimann, Blow, 
1, p. 66, text-fig. 2, Nos. 5-7. 
Orbulina suturalis Bronnimann, 
p. 115, pi. 27, fig. 4. 


PI. 13, figs. S2a-b 

Found. Foram. Res., 
10; text-fig. 3, nos. 
Nos. 2-4, 7-12, 15-16, 19-22. 

1956, Micropaleontology, vol. 2, No. 


Bolli, 1957, U. S. Nat. Mus., Bull., No. 215, 


Remarks: —The last chamber does not quite completely en¬ 
velop all the earlier chambers and some of the apertural pores may 
still be in the sutural positions. 

Ilypotype :—From sample, No. RM 19304, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626048. 
(Figures 82a-b, Plate 13, reproduced from Blow, 1956, text-fig. 
2, Nos. 6-7.) 

Occurrence: — Ranges from the uppermost part of the Globig- 
inatella insueta/Globigerinoides bispherica Subzone to the Globig- 
erina buUoides Zone, Pozon formation. 


Orbulina uni versa d’Orbigny P1 * 83 

Orbulina unlversa d’Orbigny, 1839, “Foraminiferes , in de la Sagra Histoire 
physique, politique et naturelle de 1 He de Cuba, p. 2, pi. 1, fig. 1 (fide 
Ellis and Messina, 1940 et scq.). 

Orbulina universa d’Orbigny, Blow, 1956, Micropaleontology, vol. 2, No. 
1, p. 66, text-fig. 2, Nos. 8-9. 

Remarks:— In this species the last chamber completely en¬ 
velops the earlier part of the test. The apertures are distributed 
irregularly over the area of the last chamber, but in some advanced 
forms the apertural pores seem to be absent and the minute per¬ 
forations then appear to take over the functions of the apertural 
pores. 

Ilypotype: —From sample, No. RM 19304, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626049. 
(Figure 83, Plate 13, reproduced from Blow, 1956, text-fig. 2, No. 9.) 

Occurrence: —Ranges from the uppermost part of the Globi- 
gerinatella insueta Globigerinoides bispherica Subzone to the Globi- 
gerina buUoides Zone, Pozon formation. 

Genus PORTHTLASPII \ ERA Belli, Loeblich, and Tappan, 1957 

The type species of this genus is the short-lived middle Eocene 
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form Globigerina mexicana Cushman but the generic definition 
given by Bolli, Loeblich, and Tappan (1957) also seems to fit the 
species previously described by the writer (Blow, 1956) as Globi¬ 
gerinoides glomerosa and Globigerinoides transitoria . These species 
are short-lived Miocene forms and there is no genetic relationship 
with the middle Eocene Porticulasphaera mexicana (Cushman). 
Bolli (1957, p. 115) remarked that it may be expected that further 
comparative studies will reveal morphological differences which may 
allow the distinction of the species named by the writer as a sep¬ 
arate genus. In this connection the validity of Candorbulma Jed- 
litschka, 1934 needs further investigation. 

The writer agrees with Bolli (1957) that “ glomerosa” and 
“transitoria” should be removed from the genus Globigerinoides 
Cushman, 1927, since they do not have a distinct primary umbilical 
aperture or open umbilicus in the adult. Further, these species can¬ 
not be included in the genera Orbulina d’Orbigny, 1839 or Bior- 
bulina Blow, 1956 since none of the apertures are areal in position 
but are all confined to the sutures. 

The forms described below are considered ancestral to Orbulina 
and Biorbulina and reference is made to Blow (1956) for descrip¬ 
tion of species and subspecies as well as a discussion of evolutionary 
trends. 


Porticulasphaera glomerosa (Blow) 

Porticulasphaera glomerosa eurva (Blow) PI. 13, figs. S4a-b 

Globigerinoides glomerosa curva Blow, 1956, Micropaleontology, vol. 2, No. 
1, p. 64, text-fig. 1, Nos. 9-14. 

Porticulasphaera glomerosa curva (Blow), Bolli, 1957, U.S. Nat. Mus., Bull. 
No. 215, p. 115, pi. 27, fig. 7. 

Remarks :—This subspecies shows the last chamber embracing 
between 40 and 70 percent of the earlier test and with four to 
eight slitlike apertures present in the suture between the last and 
earlier chambers. 

Ifypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626050. 
(Figures 84a-b, Plate 13, holotype, reproduced from Blow, 1956, 
text-fig. 1, Nos. 10, 11.) 

Occurrence: —Ranges from the middle part of the Globigerin- 
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atella in-suet a Globigerinoides bispherica Subzone to the basal part 
of the Globorotalia johsi barisanensis Zone, Pozon formation. 

i'oH iealiispbaent glotnerosu gloinerosn (Blow) PL 14, figs. S5a-b 

Globigerinoides glomerosa glomerosa Blow, 1956, Micropaleontology, vol. 

2, No. 1, p. 65, text-fig. 1, Nos. 15-19; text-fig. 2, Nos. 1-2. 
Portieulasphaera glomnosa glomnosa (Blow), Bolli, 1957, U.S. Nat. Mus., 
Bull., No. 215, p. 115, pi. 27, fig. 8. 

Remarks :—This subspecies shows the last chamber embracing 
more than 75 percent of the earlier test and with numerous slitlike 
(not rounded) apertures in the suture between the last and earlier 
chambers. 

Ilypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626051. 
(Figures 85a-b, Plate 14, holotype, reproduced from Blow, 1956, 
text-fig. 1, Nos. 18-19.) 

Occurrence'. —Ranges from the upper part of the Globigerin- 
atella insueta, Globigerinoides bispherica Subzone to the basal part 
of the Globorotalia johsi barisanensis Zone, Pozon formation. 

Portienliisplniera glomerosa cireularis (Blow) PI. 14, figs. 86a-b 

Globigerinoides glometosa cireularis Blow, 1956, Micropaleontology, vol. 2, 
No. 1, p. 65, text-fig. 2, Nos. 3, 4. 

Porticulasphaera glomerosa cireularis (Blow), Bolli, 1957, U.S. Nat. Mus., 
Bull., No. 215, p. 115, pi. 27, fig. 2. 

Remarks :—This form differs from Orbulina suturalis Bronni- 
mann in that all the apertural pores are confined to the sutural 
positions. 

Ilypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626052. 
(Figures 86a-b, Plate 14, holotype, reproduced from Blow, 1956, 
text-fig. 2, Nos. 3, 4.) 

Occurrence :—Ranges from the upper part of the Globigerina- 
tella insuota/Globigerinoides bispherica Subzone to the middle part 
of the Globorotalia johsi barisanensis Zone, Pozon formation. 

Portieulasphaera transitoria (Blow) PI. 14, figs. 87a-b 

Globigerinoides transitoria Blow, 1956, Micropaleontology, vol. 2, No. 1, p. 
65, text-fig. 2, Nos. 12-15. 

Porticulasphaera transitoria (Blow), Bolli, 1957, U.S. Nat. Mus., Bull., No. 
215, p. 115, pi. 27, fig. 3. 
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Remarks :—This species differs from Porticulasphaera glomerosa 
(Blow) in that it is the penultimate chamber which embraces the 
earlier test and not the ultimate chamber as in Porticulasphaera 
glomerosa. The apertures are short discrete slits confined to the 
sutural positions. 

Hypotype: —From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626053. 
(Figures 87a-b, Plate 14, holotype, reproduced from Blow, 1956, 
text-fig. 2, Nos. 12, 13.) 

Occurrence :—Ranges from the middle to the upper part of the 
Globigerinatella insueta/Globigerinoides bispherica Subzone, Pozon 
formation. 


Subfamily CATAPSYPR ACINAE 
Genus CATAPSYDRAX Bolli, Loeblich, and Tappan, 1957 

This genus shows a characteristic bulla which covers the 
primary aperture and the umbilical part of the test. The infralam- 
inal apertures are large and unrestricted, but sometimes have thin 
lips or thickened margins. 

Catapsydrax dissimilis (Cushman and Bermudez) PL 12, figs. SSa-c, 89, 90 

Globigcrina dissimilis Cushman and Bermudez, 1937, Cushman Lab. Foram. 
Res., Contr., vol. 13, pt. 1, p. 25, pi. 3, figs. 4-6 {fide Ellis and Messina, 
1940 ct seq.). 

Catapsydrax dissimilis (Cushman and Bermudez), Bolli, Loeblich, and 
Tappan, 1957, U.S. Nat. Mus., Bull. No. 215, p. 36, pi. 7, figs. 6-8. 

Catapsydrax dissimilis (Cushman and Bermudez), Bolli, 1957, U.S. Nat. 
Mus., Bull., No. 215, p. 116. 

Remarks'. —This species shows a bulla of variable size, normally 
with three infralaminal apertures. One such aperture occurs at one 
end of the bulla, the two others at the other end; the margins sur¬ 
rounding these infralaminal apertures are normally thickened. The 
chambers are generally inflated. 

Hypotype :—From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; Plate 12, figures 88a-c, deposited in U.S.N.M. 
collection, No. 626054. Other figured specimens also deposited in 
U.S. National Museum. 

Occurrence : — Ranges from the base of the Poz6n-EI Mene 
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Road section to the top of the Catapsydrax stainjorthi Zone, To- 
cuvo formation. 

Catapsydrax stninforthi Bolli, Loeblich, and Tappan 

Pl. 14, figs. 91a-c, 92, 93 

Catapsydrax stainjorthi Bolli, Loeblich, and Tappan, 1957, U.S. Nat. Mus., 
Bull. No. 215, p. 37, pl. 7, figs, lla-c. 

Catapsydrax stainjorthi Bolli, Loeblich, and Tappan, Bolli, 1957, U.S. Nat. 
Mus., Bull. No. 215, p. 116. 

Remarks :—This species typically shows four moderately in¬ 
flated chambers in the last whorl; the bulla then has four infralam¬ 
ina] apertures supported on tubelike extensions of the bulla along the 
sutural depressions between the primary chambers. The infralaminal 
apertures have small but distinctive lips. Occasionally five pri¬ 
mary chambers occur in the last whorl; in these cases (figure 93, 
Plate 14), the bulla shows a corresponding number of infralaminal 
apertures. 

Hypotype :—From sample, No. RM 19152, auger line near 
Pozon, eastern Falcon; Plate 14, figures 91a-c, deposited in U.S.N.M. 
collection, No. 626056. Other figured specimens deposited in U.S. 
National Museum. 

Occurrence: —Ranges from the base of the Pozon-El Mene 
Road section (Catapsydrax stainjorthi Zone) almost to the top of 
the Globigerinatella insueta/Globigerinoides triloba Subzone, To- 
cuyo formation. 

Catapsydrax niiicaviis Bolli, Loeblich, and Tappan Pl. 15, figs. 94a-c 

Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957, U.S. Nat. Mus., 
Bull. No. 215, p. 37, pl. 7, figs. 9a-c. 

Catapsydrax unicavus Bolli, Loeblich, and Tappan, Bolli, 1957, U.S. Nat. 
Mus., Bull. No. 215, p. 116. 

Remarks :—This species shows a single infralaminal aperture, 
the peripheral part of the bulla being closed. The chambers are 
depressed and rather more embracing than in Catapsydrax dissimilis 
(Cushman and Bermudez). 

Hypotype: —From sample, No. RM 19117, auger line near 
Pozon, eastern Falcon; Plate 15, figures 94a-c, deposited in U.S.N.M. 
collection, No. 626058. 

Occurrence: —Ranges from the base of the Pozon-El Mene 
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Road section to the top of the Catapsydrax stainforthi Zone, To¬ 
cuyo formation. 

Genus GL01HGERIXATELLA Cushman and Stainforth, 1945 

Globigerinatella insiietn Cushman and Stainforth 

PI. 15, figs. 95, 9G, 97, 98 

Globigcrinatella hisueta Cushman and Stainforth, 1945, Cushman Lab. Foram. 
Res., Spec. Publ. 14, p. 69, pi. 13, figs. 7-9. 

Globigcrinatella hisueta Cushman and Stainforth, Bronnimann, 1950, Cush¬ 
man Found. Foram. Res., Contr., vol. 1, pts. 3-4, pp. 80-82, pi. 13, figs. 
1-12; pi. 14, figs. 1-13. 

Remarks :—Reference is made to the remarks regarding the 
possible origin of this monotypic genus and to Bronnimann (1950) 
who has discussed the morphology of this species in detail. 

In addition to the morphological types described by Bronni¬ 
mann (1950), some specimens of this form show what appears to 
be a large “primary bulla” which has areal and/or infralaminal 
apertures; these in turn may be covered by “pustule-like” or 
“collar-like” secondary bullae. 

Figure 97, Plate 15, illustrates a form with uncovered areal 
apertures in the primary bulla but also having “secondary bullae” 
covering the infralaminal apertures along the contact suture of the 
“primary bulla” and the true primary chambers. Figure 98 illus¬ 
trates a form with “areal pustules” (“secondary bullae”) covering 
the areal apertures of the large primary bulla. This form also has 
“collar-like” secondary bullae covering the infralaminal apertures of 
the primary bullae; these collar-like secondary bullae also extend 
along the sutures of the true primary chambers. 

It is not always readily apparent whether or not the “final 
chamber” should be considered as a bulla or a true primary 
chamber since areal apertures also occur in the primary chambers 
of earlier ontogenetic stages (see figure 96, Plate 15; also Bronni¬ 
mann, 1950); but the wall structure of the “final chamber” in 
some specimens suggest that they are, in fact, large and much in¬ 
flated bullae. 

Hypotype :—From sample, No. RM 19188, auger line near 
Pozon, eastern Falcon; Plate 15, figure 98, deposited in U.S.N.M. 
collection, No. 626059. Figure 95, Plate 15, from sample, No. RM 
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19117, also deposited in U.S.N.M. collection. No. 62606F 

Occurrence :—Ranges from the base of the Catapsydrax 
stainforthi Zone to the top of the Globigerinatella insueta/Globig- 
erinoides bisph erica Subzone, Tocuyo and Pozon formations. 

Genus GLOBIGERINITA Bronnimann, 1951 
Globigerinita liapariinnensis Bronnimann 
Globigerinita naparimaensis naparimaensis Bronnimann PI. 15, figs. 99a-c 

Globigerinita naparimaensis Bronnimann, 1951, Cushman Found. Foram. Res., 
Contr., vol. II, pt. 1, p. IS, text-figs. 1-14. 

Remarks:—Globigerinita naparimaensis naparimaensis is dis¬ 
tinguished from Globigerinita naparimaensis incrust a (Akers) by 
its possession of infralaminal apertures along the contact suture 
of the bulla with the primary chambers as well as its having 
infralaminal apertures in line with the sutures of the primary cham¬ 
bers. The bulla of this subspecies is more inflated and often em¬ 
braces more of the primary chambers than in Globigerinita napari¬ 
maensis incrusta. 

Hypotype:—From sample. No. RM 19304, auger line near 
Pozon, eastern Falcon; Plate 15, figures 99a-c, deposited in U.S.N.M. 
collection, No. 626062. 

Occurrence : — Ranges from the Gatapsydrax stainforthi Zone to 
the top of the Sphaeroidinella seminulina Zone, Tocuyo and Pozon 
formations. 

Globigerinita naparimaensis incrusta (Akers) PI. 15, figs. 100, 101 

Globigerinita incrusta, Akers, 1955, Jour. Pal., vol. 29, No. 4, p. 655, pi. 65, 
figs. 2a-2d. 

Remarks :—Aker's species is regarded as being closely related 
to Globigerinita naparimaensis Bronnimann, and since there appears 
to be complete gradation between the two forms, it is considered 
that Aker’s type is best placed as a subspecies of Globigerinita 
naparimaensis. 

During the examination of the samples from the Pozon-El 
Mene Road section it was found that samples from a particular 
but fairly short interval often had a predominance of either Glo¬ 
bigerinita naparimaensis naparimaensis or Globigerinita naparimaen- 
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sis incrust a with a corresponding reduction in the prevalence of the 
other subspecies. This relative abundance is then often reversed in 
succeeding or preceding intervals. Furthermore, some intervals show 
forms apparently transitional from Globigerina juvenilis Bolli to 
Globigerinita naparimaensis incrusta but in other intervals these 
transitional form are either absent or scarce. From these observa¬ 
tions it may be considered that a repetitive and heterochronous deri¬ 
vation of Globigerinita seems likely (see Text-fig. 4). 

Globigerinita naparimaensis incrusta is distinguished from Glo¬ 
bigerinita naparimaensis naparimaensis by the absence of infralam- 
inal apertures not in line with the sutures of the primary chambers, 
a less inflated and embracing bulla which sometimes shows short 
tubelike extensions along the sutures of the primary chambers. This 
subspecies has a generally smaller overall test size. 

Figure 101, Plate 15, illustrates a form which appears tran¬ 
sitional to Globigerina. juvenilis where it seems that the apertural 
lip of this latter species has become attached to the ventral surface 
of the opposing chamber. It seems that the distinction between Glo¬ 
bigerinita and Globigerina juvenilis is best made where the “aper¬ 
tural lip" shows definite attachment to the opposing chamber and 
the ends of the bulla so-formed are restricted. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate No., figure 100, deposited in U.S.N.M. 
collection, No. 625723. (Figure 101, Plate 15, from same sample, 
also deposited in U.S.N.M. collection.) 

Occurrence :—Ranges from the Catapsydrax stainforthi Zone to 
the lower part of the Sphaeroiclinella seminulina Zone, Tocuyo and 
Pozon formations. 

Genus GLO HI GE KIN OITA Bronnimann, 1952 
Glofoigerinoita morugacnsis Bronnimann FI. 15, figs. 102a-c 

Globigcrinoita morugacnsis Bronnimann, 1952, Cushman Found. Foram. Res., 
Contr., vol. Ill, pt. 1, p. 26, text-fig. 1, figs, a-m; text-fig. 2, figs. a-h. 

Globigcrinoita morugacnsis Bronnimann, Bolli, 1957, U.S. Nat. Mus., Bull., 
No. 215, p. 116. 

Hypotype :—From sample. No. RM 19697, auger line near 
Pozon, eastern Falcon; Plate 15, figures 102a-c, deposited in 
U.S.N.M. collection. No. 626064. 
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Occurrence :—Ranges from the middle part of the Globorotalia 
mayeri Globorotalia lengtiaensis Subzone to the middle part of the 
Globorotalia menardii menardii/ Globigerina nepenthes Zone, Pozon 
formation. 

Genus GLOBOKOTALOIBES Bolli, 1957 

This genus shows a Globorotalia- like early stage which is fol¬ 
lowed by a Globigerina- like intermediate stage and a final Catap- 
jWrav-like stage wherein a bulla-like chamber partly or completely 
covers the umbilical part of the earlier test. It appears that the 
intermediate stage may be omitted in some cases and the early 
Globorotalia- like stage is followed immediately by the stage with 
the bulla-like final chamber. 

Globorotaloides variabilis Bolli PI. 16, figs. 103 a-c, 104, 105 

Globorotaloides variabilis Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 

117, pi. 27, figs. 15a-20c. 

Remarks :—The specimens illustrated in figures 104 and 105, 
Plate 16, and showing the Globigerina- like and Globorotalia- like 
stages respectively, were dissected (Blow, 1955) from forms similar 
to that illustrated in figures 103a-c, Plate 16, and possessing a 
bulla-like final chamber. 

IJypotype: —From sample, No. RM 19697, auger line near Po¬ 
zon, eastern Falcon; Plate 16, figures 103a-c, deposited in U.S.N.M. 
collection, No. 626066. (Figures 104, 105, Plate 16, also deposited in 
U.S.N.M. collection.) 

Occurrence :—Typical specimens range from the middle part 
the Globigerinatella insueta/Globigerinoides bispherica Subzone to 
the middle part of the Sphaeroidinella seminulina Zone, Pozon form¬ 
ation. Occasional immature and poorly preserved forms occur in the 
Catapsydrax stamforthi Zone and in the Globigerinatella insueta / 
Globigerinoides triloba Subzone, which are only tentatively referred 
to this species but which may possibly be referable to Globoro¬ 
taloides suteri Bolli. 

Family GLOBOItOTALIIDAE 
Subfamily GEOBOKOTALIINAE 
Genus GLOBOROTAEIA Cushman, 1927 
Globorotalia acostaensis Blow, sp. nov. PI. 17, figs. 106a-c, 107 

?Globigerina dutcrtrei Wiseman and Ovey (non d’Orbigny), 1950, Geol. 

Assoc., Proc., vol. 61, p. 65, pi. 2, figs. la-c. 
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Diagnosis of species :—Test low trochospiral; spire opening 
regularly but fairly rapidly, with 11-13 chambers composing the 
spire, usually with 5-6 chambers in the last whorl. Equatorial periph¬ 
ery strongly lobate, with the test appearing subcircular in equatorial 
profile; axial periphery rounded with the test appearing thick and 
parallel-sided in side view; chambers ovate or subspherical, gener¬ 
ally inflated but not well separated; often the last chamber is much 
reduced in size compared with its predecessor, and it also occasional¬ 
ly becomes somewhat displaced towards the umbilical side (fig. 
107, PI. 17). Spiral side slightly convex, almost flat, or occasionally 
slightly concave due to the inflated nature of the chambers of the 
last whorl. Umbilical side generally slightly convex, with a small 
but usually deep umbilicus; sutures of the spiral and umbilical sides 
radial, depressed; aperture interiomarginal, umbilical-extraumbihcal, 
arched, with a distinctive lip. Maximum diameter of holotype, 
0.36 mm. 

Remarks :—This form differs from Globorotalia mayeri Cush¬ 
man and Ellisor in having more inflated chambers, a thicker test, 
completely radial sutures, a more distinctive apertural lip, and a 
more rapidly opening spire. It differs from Globorotalia opima con- 
tinuosa Blow, subsp. nov. in having more numerous and more in¬ 
flated chambers in the last whorl, although transitional forms occur 
in the Globorotalia menardii menardii/Globigerina nepenthes Zone 
(lower part). It differs from Globigerina dutertrei d’Orbigny in 
having less globular and less well-separated chambers. The aperture 
of Globigerina dutertrei appears to be umbilical only in D’Orbigny’s 
figures. The specimen figured by Wiseman and Ovey as Globigerina 
dutertrei (1950, pi. 2, figs, la-c) shows an interiomarginal, umbili- 
cal-extraumbilical aperture with a distinct lip, and the writer be¬ 
lieves this specimen to be identical with Globorotalia acostaensis. 

Globorotalia acostaensis first appears after the extinction of 
Globorotalia mayeri . 

Holotype :—From sample, No. RM 19791, auger line near 
Pozon, eastern Falcon; Plate 17, figures 106 a-c, deposited in 
U.S.N.M. collection, 625707. 

Occurrence :—Ranges from the Globorotalia menardii men - 
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ardii/Globigerina nepenthes Zone to the Globigerina bulloides Zone, 
Pozon formation. 

Globorotalia biraagreae Blow, sp. nov. PI. 17, figs. 108a-c 

Diagnosis of species :—Test low trochospiral; spire opening 
regularly but fairly slowly, with usually six chambers in the last 
whorl; equatorial profile almost circular; equatorial periphery 
slightly lobate; axial periphery rounded, with the test appearing 
rather parallel-sided in side view; chambers slightly elongated 
tangentially as viewed from the spiral side, not inflated, but us¬ 
ually embracing; last chamber often smaller than its predecessor; 
spiral side flat to slightly convex; umbilical side slightly convex; 
sutures of the spiral side curved, slightly depressed; sutures of the 
umbilical side radial, slightly depressed, sometimes rather indis¬ 
tinct; umbilicus, small, often completely closed; aperture slitlike 
with a distinctive lip, interiomarginal, umbilical-extraumbilical; 
wall calcareous, finely perforate; maximum diameter of holotype, 
0.22 mm. 

Remarks :—This species differs from Globorotalia kugleri Bolli 
in having less deeply incised sutures, rather tangentially elongated 
chambers, a closed or almost closed umbilicus, fewer chambers in 
the last whorl, and a less highly arched aperture which has a more 
distinctive lip. It differs from Goborotalia mayeri Cushman and 
Ellisor in being consistently much smaller in size, in the closed 
(or almost closed) umbilicus, and also in having slightly more 
tangentially elongated chambers as seen from the spiral side. It 
differs from Globorotalia opima continuosa Blow, subsp. nov. in 
having more chambers in the last whorl, ft also differs from Glo¬ 
borotalia fohsi barisanensis (LeRoy) in having a more circular 
outline and a less convex (not vaulted) umbilical side. 

The species is named after Miss G. N. Birnage, Librarian of 
the Palaeontological Department, The British Petroleum Company 
Limited, London, in recognition of her assistance in compiling this 
work. 

Holotype :—From sample. No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 17, figures 108a-c, deposited in 
U.S.N.M. collection. No. 625709. 
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Occurrence ;—Ranges from the uppermost part of the Globig- 
erinatella insueta / Globigerinoid es triloba Subzone to the basal part 
of the Glob or ot alia johsi barisanensis Zone, Tocuyo and Pozon 
formations. 

Globorotalia cf. eanariensis (d’Orbigny) PI. 17, figs. 109a-c 

cf. Rotalina canariensis d’Orbigny, 1839, Foraminiferes des lies Canaries, in 

Barker-Webb and Berthelot, Hist. nat. des Ties Canaries, vol. 2, pt. 2, 

(Zool.), p. 130, pi. 1, figs. 34-36. {Fide Ellis and Messina, 1940 ct scq.). 

Remarks: —In the upper part of the Globorotalia menardii 
menardii/Globigerina nepenthes Zone some forms which otherwise 
closely resemble Globorotalia scitula scitula (Brady) develop thin 
but distinctive keels. These forms are tentatively referred to 
D’Orbigny’s species, which is described as being depressed and 
carinate throughout. Concomitant with the development of the 
keel, the test appears to become rather more depressed than in 
typical Globorotalia scitula scitula. However, the writer’s speci¬ 
mens are small compared wtih Recent specimens of Globorotalia 
canariensis (d’Orbigny) and are generally less lobate. No forms 
referable to the species described by D'Orbigny have been ob¬ 
served by the writer below the Globorotalia menardii menardii/Glo¬ 
bigerina nepenthes Zone, and it is possible that the writer’s speci¬ 
mens may represent early forms of typical Globorotalia canariensis. 
Maximum diameter observed, 0.27 mm. 

Hypotype: —From sample, No. RM 19804, auger line near 
Pozon, eastern Falcon; Plate 17, figures 109a-c, deposited in 
U.S.N.M. collection, No. 626068. 

Occurrence: —Scarce and only observed from the uppermost 
part of the Globorotalia menardii menardii/Globigerina nepenthes 
Zone to the Globigerina bulloides Zone, Pozon formation. 

Globorotalia fohsi Cushman and ETIisor 

Reference is made to the work of Bolli (1950) for a description 
of the subspecies and also for a complete discussion of the evolu¬ 
tionary inter-relationship between the various subspecies. 
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Globorotalia foilsi barisanensis (LeRoy) PI. 17, figs. 110, llla-c 

Globorotalia barisanensis LeRoy, 1939, Natuurk. Tijdschr. Nederl, Indie, 

vol. 99, pt. 6, p. 265, pi. 1, figs. 8-10 (fide Ellis and Messina, 1940 et srg.). 

Globorotalia fohsi barisanensis LeRoy, Bolli, 1950, Cushman Found. Foram. 

Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 6a-c. 

Globorotalia fohsi barisanensis LeRoy, Bolli, 1957, U. S. Nat. Mus., Bull. 

No. 215, p. 119, pi. 28, figs. 8a-c. 

Remarks :—Within the Catapsydrax stainforthi Zone and in 
the Globigerinatella insueta Zone (s.l.) this subspecies shows a 
generally lobate equatorial periphery, and has fairly deeply in¬ 
cised sutures on the spiral side (PI. 17, fig. 110). In the Globoro¬ 
talia fohsi barisanensis Zone it has a less lobate periphery, less 
deeply incised sutures, and a more definitely vaulted umbilical 
side. 

Hypotype :—-From sample, No. RM 19304, auger line near 
Pozon, eastern Falcon; Plate 17, figures llla-c, deposited in 
U.S.N.M. collection, No. 626069. Figure 110, Plate 17 from sample 
No. RM 19188, also deposited in U.S.N.M. collection, No. 626071. 

Occurrence :—Ranges from the base of the Pozon-El Mene 
Road section (Catapsydrax stainforthi Zone) to the basal part of 
the Globorotalia■ fohsi fohsi Zone, Tocuyo and Pozon formations. 

Globorotalia fohsi fohsi Cushman and Ellisor PL 17, figs. 112a-c 

Globorotalia fohsi Cushman and Ellisor, 1939, Cushman Lab. Foram. Res., 

Contr., vol. 15, p. 12, pi. 2, figs. 6a-c ( fide Ellis and Messina, 1940 et srg.). 

Globorotalia fohsi Cushman and Ellisor, Renz, 1948, Geol. Soc. Arr.er., 

Mem. 32, p. 137, pi. XI, figs. 2a-c. 

Globorotalia fohsi fohsi Cushman and Ellisor, Bolli, 1950, Cushman Found. 

Foram. Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 4a-c. 

Globorotalia fohsi fohsi Cushman and Ellisor, Bolli, 1957, U.S. Nat. Mus., 

Bull. No. 215, p. 119, pi. 28, figs. 9a-10c. 

Remarks :—Phis subspecies shows an acute but not keeled 
peripheral margin, although some peripheral thickening may occur; 
the umbilical side is vaulted, and the sutures of the spiral side arc 
not incised. 

Hypotype :—From sample, No. RM 19367, auger line near 
Pozon, eastern Falcon; Plate 17, figures 112a-c, deposited in 
U.S.N.M. collection, No. 626072. 

Occurrence :—Ranges from the base of the Globorotalia fohsi 
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fohsi Zone to the basal part of the Globorotalia fohsi lobata Zone, 
Pozon formation. 

Globorotalia fohsi lobata (Bermudez) PI. 16, figs. 113a-c 

Globorotalia lobata Bermudez, 1949, Cushman Lab. Foram. Res., Spec. Publ. 
25, p. 286, pi. 22, figs. 9-11. 

Globorotalia fohsi lobata Bermudez, Belli, 1950, Cushman Found. Foram. 

Res., Contr., vol. 1, pts. 3 and 4, p. 88, pi. 15, figs. 7-8c. 

Globorotalia fohsi lobata Bermudez, Belli, 1957, U.S. Nat. Mus., Bull. No. 
215, p. 119, pi. 28, figs. 13a-14b. 

Remarks :—This subspecies shows a “cocks-comb” appearance 
of the last few chambers which typically also possess a fairly strong 
keel. Some peripheral thickening may also occur on the earlier 
chambers which, however, do not possess a keel. 

Hypotype: —From sample, No. RM 19426, auger line near 
Pozon, eastern Falcon; Plate 16, figures 113a-c, deposited in 
U.S.N.M. collection, No. 626074. 

Occurrence :—Ranges from the base of the Globorotalia fohsi 
lobata Zone to the basal part of the Globorotalia fohsi robusta 
Zone, Pozon formation. 

Globorotalia fohsi robusta Bolli PI. 16, figs. 114a-c 

Globorotalia fohsi robusta Bolli, 1950, Cushman Found. Foram. Res., Contr., 
vol. 1, pts. 3 and 4, p. 89, pi. 15, figs. 3a-c. 

Globorotalia fohsi robusta Bolli, Bolli, 1957, U.S. Nat. Mus., Bull. No. 215. 
p. 119, pi. 28, figs. 16a-c. 

Remarks :—This subspecies is carinate throughout, but the 
strength of the keel is variable; in some late forms the keel is 
massive with much secondary peripheral thickening. 

Hypotype :—From sample, No. RM 19470, auger line near 
Pozon, eastern Falcon; Plate 16, figures 114a-c, deposited in 
U.S.N.M. collection, No. 626076. 

Occurrence'. —Restricted to the Globorotalia fohsi robusta 
Zone, Pozon formation. 

Globorotalia lengnaensis Bolli PI. 17 , figs. 115a-c 

Globorotalia lenguaensis Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 120, 
pi. 29, figs 5a-c. 

Remarks :—This species is distinguished from Globorotalia 
minima (Akers) by the less convex umbilical side and the more 
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circular equatorial profile; the spire opens less rapidly than in Akers' 
species. The aperture is longer in Globorotalia lenguaensis and ex¬ 
tends further towards the periphery than in Globorotalia minima. 
Some later forms of Globorotalia lenguaensis show a faint keel. 
Maximum diameter of hypotype, 0.3 mm. 

Ilypotype: —From sample, No. RM 19507, auger line near 
Pozon, eastern Falcon; Plate 17, figures 115a-c, deposited in 
U.S.N.M. collection, No. 626078. 

Occurrence: —Ranges from the uppermost part of the Globoro¬ 
talia■ fohsi robusta Zone to the top of the Sphaeroidinella seminulina 
Zone, Pozon formation. 

Globorotalia mayeri Cushman and Ellisor PI. 18, figs. 116a-e 

Globorotalia mayeri Cushman and Ellisor, 1939, Cushman Lab. Foram. Res., 

Contr., vol. 15, pt. 1, p. 11, pi. 2, figs. 4a-c (fide Ellis and Messina, 1940 

et seq.). 

Globorotalia mayeri Cushman and Ellisor, Bolli, 1957, U.S. Nat. Mus., Bull. 

No. 215, p. 118, pi. 28, figs. 4a-c. 

Remarks:—Globorotalia mayeri Cushman and Ellisor differs 
from Globorotalia acostaensis Blow, sp. nov. in having slightly 
curved or sinuous sutures on the spiral side, less inflated and nar¬ 
rower chambers, as well as a thinner test. 

Ilypotype: —From sample, No. RM 19188, auger line near 
Pozon, eastern Falcon; Plate 18, figures 116a-c, deposited in 
U.S.N.M. collection, No. 626080. 

Occurrence: —Ranges from the base of the Pozon-El Mene 
Road section ( Catapsydrax stainjorthi Zone) to the top of the 
Globorotalia mayeri Zone, Pozon formation. 

Globorotalia menardii (d’Orbigny) 

Globorotalia inenardii arclieomenardii (Bolli) PI. 18, figs. 117a-c 

Globorotalia archeomenardii Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 

119, pi. 28, figs, lla-c. 

Remarks: —Bolli's type is here considered as a subspecies of 
Globorotalia menardii (d’Orbigny). It is distinguished from Glo¬ 
borotalia menardii praemenardii (Cushman and Stainforth) by the 
strongly convex spiral side and the rather angular rhomboidal shape 
of the chambers as seen in side view. In early forms of this sub¬ 
species from the Globigerinatellai insueta/Globigerinoides bis- 
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pherica Subzone a keel seems to be present only on the last few 
chambers, although some peripheral thickening may be present on 
the earlier chambers. Also, in these early forms, the chambers are 
rather elongate tangentially and the writer considers it likely that 
this form developed from Globorotalia scitula praescitida Blow, 
subsp. nov. In the uppermost part of the Globorotalia fohsi barisan- 
ensis Zone, forms transitional to Globorotalia menardii praemen- 
ardii occur. 

Hypotype :—From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; Plate 18, figures 117a-c, deposited in 
U.S.N.M. collection, No. 626082. 

Occurrence :—Ranges from the base of the Globigerinatella 
insueta/Globigerinoides bispherica Subzone to the basal part of 
the Globorotalia fohsi fohsi Zone, Tocuyo and Pozon formation. 

Globorotalia menardii praemenardii (Cushman and Stainforth) 

FI. IS, figs. 118a-c 

Globorotalia praemenardii Cushman and Stainforth, 1945, Cushman Lab. 

Foram. Res., Spec. Pub. 14, p. 70, pi. 13, fig. 14. 

Globorotalia praemenardii Cushman and Stainforth, Bolli, 1957, U.S. Nat. 

Mus., Bull. No. 215, p. 120, pi. 29, figs. 4a-c. 

Remarks :—"This form is distinguished from Globorotalia■ 
menardii menardii (d’Orbigny) by the absence of distinctly limbate 
and raised sutures on the spiral side and also by the more equally 
biconvex test. It is distinguished from Globorotalia menardii arch- 
eomenardii (Bolli) by the more lobate equatorial periphery and 
the less convex spiral side. Forms transitional to Globorotalia 
menardii menardii (d’Orbigny) occur in the middle part of the 
Globorotalia fohsi robusta Zone. 

Hypotype :—From sample, No. RM 19367, auger line near 
Pozon, eastern Falcon; Plate 18, figures 118a-c, deposited in 
U.S.N.M. collection, No. 626084. 

Occurrence :—Ranges from the base of the Globorotalia fohsi 
fohsi Zone to the upper part of the Globorotalia fohsi robusta Zone, 
Pozon formation. 

Globorotalia menardii menardii (d’Orbigny) Pi. 18, figs. 119a-c, 120a-c 

Rotalia (“Rotalie”) menardii d’Orbigny, 1826, Ann. Sci. Nat., Paris, ser. 

1, vol. 7, p. 273, Modeles No. 10 (fide Ellis and Messina, 1940 et seq.). 
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Globorotalia menardii (d’Orbignv), Bolli, 1957, U.S. Nat. Mus., Bull. No. 

215, p. 120, pi. 29, figs. 6a-10b. ' 

Remarks: —The form described by D’Orbigny in 1826 is here 
regarded as being the “central type” for a closely related series of 
forms which show gradual evolutionary changes. Although this 
subspecies shows a considerable variation in size, characters such 
as the distinctive keel, slightly convex spiral side and the only mod¬ 
erately convex umbilical side are common features. The writer dis¬ 
tinguishes this subspecies from Globorotalia menardii praemenardii 
(Cushman and Stainforth) by the presence of a stronger keel and 
the distinctly limbate, often raised sutures on the spiral side. 

Both the spiral and umbilical sides are less convex in this 
subspecies than in Globorotalia menardii praemenardii. 

Hypotype: —From sample. No. RM 19507, auger line near 
Pozon, eastern Falcon; Plate 18, figures 120a-c, deposited in 
US.N.M. collection, No. 626086 Figures 119a-c, from sample, No. 
RM 19470, also deposited in U.S.N.M. collection, No. 626087. 

Occurrence :—Ranges from the middle part of the Globorotalia 
fohsi robusta Zone to the top of the Pozon formation. It persists 
to the present time. 


Ololjorotuliu menardii mioeeinea Palmer PI. 19, figs. 121a-c 

Globorotalia menardii miocenica Palmer, 1945, Bull. Amer. Pal., vol. 29, No. 

115, p. 70, pi. 1, fig. 10. 

Remarks :—This subspecies differs from Globorotalia menardii 
menardii (d'Orbigny) in having a strongly vaulted umbilical side, 
an almost flat spiral side, a weaker keel, and less limbate sutures. 
The maximum and minimum diameters of the test are distinctly 
unequal so that the test of this form appears elongate in equatorial 
profile. 

Hypotype: —From sample, No. RM 19791, auger line near 
Pozon, eastern Falcon; Plate 19, figures 121 a-e, deposited in 
U.S.N.M. collection, No. 626088. 

Occurrence: —Forms transitional from Globorotalia menardii 
menardii { d’Orbigny) occur in the uppermost part Globorotalia men¬ 
ardii menardii/Globigerina nepenthes Zone, hut typical specimens 
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occur rarely only in the Sphaeroidinella seminulina Zone, Pozon 
formation. 

Globorotalia minima (Akers) PI. 19, figs. 122a-c 

Globorotalia catiaricnsis (d’Orbigny) var. minima Akers, 1955, Jour. Pal., 
vol. 29, No. 4, p. 659, pi. 65, figs. 3a-3d. 

Akers (1955) referred his variety to Globorotalia canariensis 
(d’Orbigny) but merely remarked that his variety differs from 
D'Orbigny’s species in being smaller in size. Akers’ figures show 
a form wtih a fairly vaulted umbilical side and a rounded to sub¬ 
acute, not keeled, periphery, whereas D’Orbigny’s species has a 
depressed test with a well-marked keel. Examination of samples 
from eastern Falcon shows that Akers’ variety should be considered 
as a distinct species. Since Akers did not give a description of his 
type, a description based on specimens from Pozon is given here. 
These Pozon specimens compare excellently with the figures given 
by Akers. 

Description :—Test low trochospiral; spire opening rapidly, 
with usually six chambers in the last convolution. As seen from the 
spiral side the chambers are almost equally as broad as long with 
the exception of the last two chambers. The sutures of the spiral 
side are not much depressed and are moderately curved. The sutures 
of the umbilical side are slightly sinuous to almost radial. Equatorial 
periphery only slightly lobate; axial periphery rounded to subacute, 
not keeled; aperture interiomarginal, umbilical-extraumbilical, a 
low arcb with a thin short lip; umbilicus small or closed; wall 
calcareous, finely perforate; maximum diameter of hypotype, 
0.28 mm. 

Remarks :—The size and morphology of the specimens from 
the Pozon-El Mene Road section compare excellently with Akers’ 
figures. Akers gave 0.22 mm. as the maximum diameter of his 
holotype which is about the average for the specimens observed by 
the writer. This species may be ancestral to Globorotalia lenguaensis 
Bolli. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; Plate 19, figures 122a-c, deposited in 
U.S.N.M. collection, No. 625725. 
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Occurrence: —Ranges from the Globigerinatella insueta/Glo- 
bigerinoides bisph erica Subzone to the Globorotalia fohsi robusta 
Zone, Pozon formation. 

Globorotalia iiniiutissinut Bolli PI. 19, figs. 123a-c 

Globorotalia minutissima Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 119, 
pi. 29, figs. la-c. 

Hypotype: —From sample, No. RM 19304, auger line near 
Pozon, eastern Falcon; Plate 19, figures 123a-c, deposited in 
U.S.N.M. collection. No. 626089. 

Occurrence: —Ranges from the base of the PozonJEl Mene 
Road section ( Catapsydrax stainforthi Zone) to the Sphaeroidin- 
ella seminulina Zone, Pozon formation. 

Globorotalia obesa Bolli PI. 19, figs. 124a-c 

Globorotalia obesa Bolli, 1957, U.S. Nat. Mus., Bull., No. 215, p. 119, pi. 
29, figs. 2a-3. 

Remarks: —This species is distinctive by virtue of its highly 
inflated spherical chambers. The aperture is without either lip or 
rim. In some specimens showing gerontic features there is an ad¬ 
ditional chamber which extends somewhat over and on to the 
spiral side, the aperture becoming nearly interiomarginal, peri¬ 
pheral. 

Hypotype: —From sample, No. RM 19480, auger line near 
Pozon, eastern Falcon; Plate 19, figures 124a-c, deposited in 
U.S.N.M. collection, No. 616091. 

Occurrence: —Ranges from the base of the Pozdn-El Mene 
Road section (Gatapsydrax stainforthi Zone) to the Globigerina 
bulloides Zone, Pozon formation. 

Globorotnlii! opium Bolli 

Globorotalia opium continuosn Blow, subsp. nov. PI. 19, figs. 125a-c 

Diagnosis of subspecies: —Test low trochospiral; spire opening 
rather rapidly, with four chambers in the last whorl; equatorial 
periphery lobate; axial periphery rounded, with the test appear¬ 
ing rather parallel-sided in side view; the sutures of the spiral and 
umbilical sides depressed, radial; chambers ovate to suhspherical, 
but not well separated; umbilicus narrow, deep; aperture with a 
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distinctive lip, interiomarginal, umbilical-extraumbilical, a com¬ 
paratively high arch which tends to be somewhat elongate normal 
to the axis of coiling at the periphery, giving a “coma-shaped” 
appearance in side view (Plate 19, figure 125c). Wall calcareous 
rather coarsely perforate; maximum diameter of holotype 0.26 mm. 

Remarks :—This form differs from Globorotalia opima nana 
Bolli in having ovate or only merely subspherical chambers, 
a higher arched aperture with a more distinctive apertural lip, 
and a rather more coarsely perforate wall structure. Forms transi¬ 
tional to Globorotalia opima nana occur in the Catapsydrax stain- 
jorthi Zone, whilst forms transitional to Globorotalia acostaensis 
Blow, sp. nov. occur in the Globorotalia menardii menardii/Globig- 
erina nepenthes Zone. 

Holotype :—From sample, No. RM 19542, auger line near 
Pozon, eastern Falcon; Plate 19, figures 125a-c, deposited in 
U.S.N.M. collection, No. 625711. 

Occurrence'. —Ranges from the Catapsydrax stainforthi Zone 
to the Sphaeroidinella seminulina Zone, Tocuyo and Pozon forma¬ 
tions. 

Globorotalia scltula (Brady) 

Globorotalia scitula scitula (Brady) PI. 19, figs. 126a-c 

Pulvinulina scitula Brady, 1884, Roy. Soc. Edinburgh, Proc., vol. 11, p. 
716. Figures in Brady, 1884, Challenger Exped. Rept., Zool., vol. 9, pi. 
103, figs. 7a-c. 

Globorotalia canariensis Cushman and Stainforth ( non d’Orbigny), 1945, 
Cushman Lab. Foram. Res., Spec. Pub. 14, p. 70, pi. 13, figs. 12a-c. 

Globorotalia canariensis Renz ( non d’Orbigny), 1948, Geol. Soc. Amer., 
Mem. 32, p. 136, pi. XI, figs. 3a-b. 

Globorotalia scitula (Brady), Bolli, 1957, U.S. Nat. Mus., Bull. No. 215, 
p. 120, pi. 29, figs. lla-12c. 

Description :—Test low-trochospiral; spire opening fairly rapid¬ 
ly with four to five (occasionally six) chambers in the last whorl; 
equatorial periphery slightly to moderately lobate; axial periphery 
subacute to rounded, not keeled; spiral side slightly convex; um¬ 
bilical side convex to slightly vaulted; the sutures of the spiral side 
are depressed, sinuous to nearly radial; chambers as seen from the 
spiral side nearly as broad as long, almost hemispherical; umbilicus 
sm all or almost closed, fairly shallow; aperture interiomarginal, 
umbilical-extraumbilical, with a distinct lip; wall calcareous, finely 


220 


Bulletin 178 


perforate, smooth, often appearing glassy; maximum diameter of 
hypotype, 0.33 mm. 

Remarks’. —This subspecies differs from Globorotalia scitula 
praescitula■ Blow, subsp. nov. in having almost hemispherical cham¬ 
bers, a less vaulted umbilical side and less deeply incised sutures 
on the spiral side. The periphery is subacute to rounded as com¬ 
pared with the more acute periphery of Globorotalia scitula prae¬ 
scitula. It differs from Globorotalia scitula gigantea- Blow, subsp. 
nov. in being smaller and in the almost complete lack of peripheral 
thickening and ventral pustules. 

Hypotype :—From sample, No. RM 19367, auger line near 
Pozon, eastern Falcon; Plate 19, figures 126a-c, deposited in 
U.S.N.M. collection, No. 626093. 

Occurrence :—Ranges from the uppermost part of the Globoro¬ 
talia johsi barisanensis Zone to the Globigerina bulloides Zone, 
Pozon formation. The subspecies persists to Recent. 

Globorotalia scitula gigantea Blow, subsp. nov. PI. 16, figs. 127a-c 

Diagnosis of subspecies :—Test trochospiral; spire opening 
fairly rapidly, with four to five chambers in the last whorl. Equa¬ 
torial periphery lobate; axial periphery rounded to subacute, not 
keeled but often with much peripheral thickening; test generally 
biconvex; sutures of the spiral side depressed and strongly curved; 
sutures of the umbilical side slightly sinuous to radial; chambers al¬ 
most hemispherical as seen from the spiral side; aperture interio- 
marginal, umbilical-extraumbilical, a low arch with a distinct lip; 
wall calcareous, perforate, often with distinct pustules in the um¬ 
bilical sutural positions and over the umbilical surface of the 
earlier chambers; maximum diameter of holotype 0.59 mm. 

Remarks :—In general morphology this subspecies is similar 
to Globorotalia scitula scitula (Brady) but differs in being much 
larger. Two groups co-exist with mean diameters averaging 0.28 mm. 
and 0.54 mm. with few specimens greatly departing from the two 
means; the larger-sized group is assigned to this subspecies and 
shows the presence of much peripheral thickening and pustules on 
the umbilical side. The test is also generally more equally biconvex 
than in Globorotalia scitula scitula (Brady). 
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Holotype: —From sample, No. RM 19480, auger line near 
Pozon, eastern Falcon; Plate 16, figures 127a-c, deposited in 
U.S.N.M. collection, No. 625715. 

Occurrence :—Ranges from the upper part of the Glohorotaha 
fohsi fohsi Zone to the lower part of the Globorotalia menardii 
menardii/Globigerina nepenthes Zone, Pozon formation. 

Globorotalia seitula praescitiila Blow, subsp. nov. PI. 19, figs. 12Sa-c 

Diagnosis of subspecies :—Test a fairly low trochospiral; spire 
opening regularly but not rapidly, with four to five chambers in the 
last whorl; equatorial profile ovate to subcircular; equatorial periph¬ 
ery lobate; axial periphery subacute but not keeled, although some 
peripheral thickening occurs on the earlier chambers; sutures of the 
spiral side depressed and strongly curved; sutures of the umbilical 
side depressed, slightly sinuous to radial; spiral side convex, umbili¬ 
cal side distinctly convex to rather vaulted; chambers longer than 
broad, elongate tangentially as seen from the spiral side; umbilicus 
small, sometimes closed, but often fairly deep; aperture interio- 
marginal, umbilical-extraumbilical, a low arch with a thin lip; 
wall calcareous, finely perforate, not glassy; maximum diameter 
of holotype, 0.30 mm. 

Remarks: —This subspecies differs from Globorotalia seitula 
seitula (Brady) in having more tangentially elongate chambers, a 
more convex umbilical side, and a less finely perforate wall tex¬ 
ture; the periphery is also generally more acute but transitional 
forms occur in the upper part of the Globorotalia fohsi barisanensis 
Zone. 

Holotype :—From sample, No. RM 19152, auger line near 
Pozon, eastern Falcon; Plate 19, figures 128a-c, deposited in 
U.S.N.M. collection, No. 625713. 

Occurrence :—Ranges from the base of the Pozon-El Mene 
Road section ( Catapsydrax stainforthi Zone) to the top of the 
Globorotalia fohsi barisanensis Zone, Pozon formation. 

Genus HASTIGERIA ELLA Cushman, 1927 

This genus possesses a lipped interiomarginal, umbilical-extra- 
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umbilical aperure, at least in the earlier stages (PI. 16, fit*;. 130). 
The typical “club-shaped” and radially elongate chambers do not 
seem to appear until later ontogenetic stages; the earlier chambers 
arc usually ovate or only slightly radially elongate. Because of the 
nature and position of the aperture the writer believes that this 
genus has evolved repeatedly from a Globorotalia-Wko, ancestor and 
not via Uastigerina as inferred by Cushman ( 1950, pi. 27). 

In this study the writer notes that IIastigcrinella appears be¬ 
fore Uastigerina although both occur in the Miocene. 

irasligerinolla iMTiimriezi Iiolli PI. 1(5, figs. 129a-b, 120 

IIastiacrinclla brrmudrzi Bulli, 1957, U.S. Nat. Mus., Bull. No. 215, p. 112, 
pi. 25, figs. la-c. 

Remarks: —This species shows spherical to ovate early cham¬ 
bers with a distinct Globorotalia- like aperture (PI. 16, fig. 130). The 
later chambers become club-shaped with the aperture extending on 
to the periphery. I hc test is less trochoid than in IIastigcrinella 
rhumblcri Galloway, 1933 ( = Uastigerina digitata Rhumbler, 1911, 
non Globigcrina digitata Brady, 1879), and the chambers less 
elongate. It seems likely that the various 11 astigcrinella species 
also appear independently from a “globorotalid-stock” since this 
species has a restricted range and does not appear to be closely 
related to the typically Recent 11 astigcrinella rhwmbleri Galloway. 

Ifypotypc: —From sample, No. RM 19290, auger line near 
Pozon, eastern Falcon; Plate 16, figures 129a-b, deposited in 
U.S.N.M. collection. No. 626095. (Figure 130, Plate 16 also de¬ 
posited in U.S.N.M. collection.) 

Occurrence: — Ranges only from the upper part of the Globig¬ 
crina tell a insueta Globigerinoides bispherica Subzone to the basal 
part of the Globorotalia fohsi fohsi Zone, Pozon formation. 

Family V\0>l ALIM PA L 
Genus ANO.UVLIXA d’Orbigny, 1S2G 
\noin;iIii)a alazam iisis Nuttall 

Anomalina alazancnsis Nullall, 1932, Jour. Pal., vol. 6, p. 31, pi. 8, figs. 
4, 8, 9. 

11 ypotype: — From sample. No. RM 19285, auger line near 
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Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 
626097. 

Occurrence :—Rather rare and seems to he restricted to samples 
from the Globigerinatella insueta Globigerinoides bispherica Sub¬ 
zone, Glob or otalia fohsi barisanensis Zone and Globorotalia johsi 
foksi Zone, Pozon formation. 

Genus AXOJIALIXOIDES Brotzen, 1942 

Vnonuiliiioides trinitutensis (Nuttall) 

TruncatuVina trinitatrnsis Nuttall, 1928, Geol. Soc. London, Quart. Jour., 
vol. 84, p. 97, pi. 7, figs. 3, 5, 6 (fidr Ellis and Messina, 1940 et srq.). 

Anomalinoidrs trinitatrnsis (Nuttall), Renz, 1948, Geol. Soc. Arner., Mem. 
32, p. 115, pi. X, figs, lla-c. 

Remarks: —This form is rather similar to Cibicides nucleatus 
(Seguenza); however, in Anomalinoides trinitatensis the aperture 
extends much further towards the umbilicus, whereas in Cibicides 
nucleatus the umbilical part of the aperture is confined to the 
peripheral part of the basal suture of the last chamber. 

// ypolype: —From sample, No. RM 19283, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626098. 

Occurrence :—Occurs from the Catapsydrax stainjorthi Zone, 
Tocuyo formation, to the Globorotalia menardii menardii/Glo- 
bigerina nepenthes Zone, Pozon formation. Often common, especially 
in the Globorotalia johsi johsi Zone and in the Globorotalia mayeri 
Zone (s.L). 

Genus < IHICIBEK Montfort, ISOS 
Cibicides aiiiericninis (Cushman) 

Cibicidrs amrricanus (Cushman), Cushman and Cahill, 1933, U.S. Geol. 
Surv., Prof. Paper 175-A, p. 34, pi. 13, figs. 2a-c (fidr Ellis and Messina, 
1940 rt srq .). 

Remarks: —This species is thin-walled and fragile and has a 
fairly well-marked narrow carina. Aperture on the spiral side has 
a thin liplike extension. Involute both on the spiral and umbilical 
sides, ft differs from Cibicides mantaensis (Galloway and Morrey) 
m having a narrow carina and slightly depressed sutures. 

Hypotype: —From samole, No. RM 20104, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626100. 
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Occurrence :—Generally scarce throughout the Pozon forma¬ 
tion hut becomes relatively common in some impoverished faunas 
from the topmost part of this formation, i.e., in the upper part of 
the Sphaeroidinella seminuhna Zone and Globigerina bulloides Zone. 

Cibieides carsteni Cushman and Ellisor 

Cibicidcs carstcnl Cushman and Ellisor, 1939, Cushman Lab. Foram. Res., 
Contr., vol. 15, p. 13, pi. 2, figs. 8a-c [fide Ellis and Messina, 1940 
ct scq.). 

Ilypotype: —From sample,. No. RM 19282, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626102. 

Occurrence :—Fairly common and occurs in the Globigerinatella 
insuet a/Globigerinoides bisph erica Subzone, Globorotalia {oh si 
“Zone” (s.l .), Globorotalia mayeri Zone (s.l.) and in the Globoro¬ 
talia menardii menardii/Globigerina nepenthes Zone, Pozon forma¬ 
tion. 


Cibieides eoneeutrims (Cushman) 

Cibicidcs conccjitricus (Cushman), Cushman, 1930, Florida Geol. Surv.. 
Bull. No. 4, p. 61, pi. 12, fig. 4 (fide Ellis and Messina, 1940 ct scq.). 

Ilypotype: —From sample, No. RM 19522, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626104. 

Occurrence :—-Scarce in the Globigerinat ella insuet a Zone 
(s.l.) and in the Globorotalia fohsi “Zone” (s.l.) but fairly com¬ 
mon in the Globorotalia mayeri Zone (s.l.) and in the Globorotalia 
menardii menardii/Globigerina nepenthes Zone. Only observed in 
isolated samples from the Sphaeroidinella seminulina Zone, Pozon 
formation. 

Cibicidcs eompressus Cushman and Renz 

Cibicidcs floridnnus (Cushman) var. comprcssa Cushman and Renz, 1941, 
Cushman Lab. Foram. Res., Contr., vol. 17, pt. 1, p. 26, pi. 4, fig. 9. 

Cibicidcs eompressus Cushman and Renz, Renz, 1948, Geol. Soc. Amer., 
Mem. 32, p. 127, pi. X, figs. 9a-c. 

Remarks: —Renz (1948) considered this form to be sufficiently 
distinctive from Gibicides floridanns Cushman to be considered as 
a distinct species. The present writer's view is that the species shows 
little variation, except in size, and, therefore, agrees with Renz‘s 
conclusions. 
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Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626106. 

Occurrence :—Often common in samples from the Globigerin¬ 
atella insueta Zone ( s.l .), Globorotalia fohsi “Zone” (s.l .) Glo- 
borotalia mayeri Zone (s.l. ) and from the Globorotalia menardii 
menardii/Globigerina nepenthes Zone, Tocuyo and Pozon forma¬ 
tions. Isolated specimens have been observed in the Sphaeroidinella 
seminulina Zone and Globigerina bulloides Zone, indicating that its 
virtual disappearance is due to ecological rather than stratigraphical 
reasons. 

Cibicides falconensis Renz 

Cibicides falconensis Renz, 1948, Geol. Soc. Amer., Mem. 32, p. 128, pi. 
XI, figs. 6a-c. 

Hypotype: —From sample, No. RM 19280, auger Hne near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626108. 

Occurrence: —Fairly common in the Catapsydrax stainforthi 
Zone and Globigerinoides insueta/Globigerinoides triloba Subzone, 
Tocuyo formation, but rather scarce or scarce in the Globigerinatella 
insueta/Globigerinoides bispherica Subzone, Globorotalia fohsi 
“Zone” ( s.l .), and lower part of the Globorotalia mayeri Zone (s.l.), 
Pozon formation. 

Cibicides mantaensis (Galloway and Morrey) 

Cibicides mantaensis (Galloway and Morrey), Hedberg, 1937, Jour. Pal., 
vol. 11, p. 683, pi. 92, figs. 12a-c. 

Remarks: —This species is involute both on the spiral and um¬ 
bilical sides and appears closely related to Gibicides americanus 
Cushman but differs from the latter species in having limbate, 
slightly raised sutures. The part of the aperture on the spiral side 
is covered by a small liplike plate. 

Hypotype: —From sample. No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626110. 

Occurrence: —Fairly common in the Catapsydrax stainforthi 
Zone, Globigerinatella. insueta/Globigerinoides triloba Subzone, To¬ 
cuyo formation; also in the Globigerinatella insueta/Globigerinoides 
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bispherica Subzone and Globorotalia joshi “Zone” ( s.l .), Pozon 
formation. 

Cibieides matunzasensis (Hadley) 

Cibirides matanzasensis (Hadley), Palmer, 1941, Soc. cubana hist, nat., 
Mem., vol. 15, p. 295, pi. 28, figs. 6a-c. 

Remarks :—The part of the aperture on the spiral side of this 
species is not clearly marked. Spiral side evolute but strongly in¬ 
volute umbilically. Sutures meet the periphery nearly at right-angles 
and are raised. Chambers numerous, about 12-14 in the last whorl 
only slowly increasing in size as added. 

Hypotype: —From sample, No. RM 19285, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626112. 

Occurrence :—Generally scarce in all zones below the Globoro¬ 
talia menarclii menardii Globigerina nepenthes Zone, Pozon forma¬ 
tion. 

Cibicides perlueida Nuttall 

Cibicides perlueida Nuttall, 1932, Jour. Pal., vol. 6, p. 33, pi. 8, figs. 10-12. 

Remarks :—Umbilical side strongly vaulted; spiral side slightly 
convex with the sutures rather indistinct and strongly oblique to 
the periphery. 

Hypotype :—From sample. No. RM 19117, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection. No. 626114. 

Occurrence :—Scarce and only observed in isolated samples 
from the Catapsydrax stainforthi Zone, Tocuyo formation. 

Genus LATI0 V1UM> V Galloway and Wissler, 1927 
Laticariniim paupernta (Parker and Jones) 

Latlearimna pauperata (Parker and (ones), Cushman, 1931, U.S. Nat. Mus., 
Bull. No. 104, pt. 8, p. 114, pi. 20, fig. 4; pi. 21, fig. 1 ( fide Ellis and 
Messina, 1940 et . se(j.). 

Remarks :—This distinctive form, with its wide peripheral 
flange and generally compressed test, has been considered as a 
planktonic species. Its association with predominantly deepwater 
mainly planktonic assemblages supports this view; however, Cush- 
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man suggested that it may be pseudoplanktonic, being attached to 
floating seaweed. 

Hypotype :—From sample, No. RM 19280, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626115. 

Occurrence :—Occurs, but is scarce, in the Catapsydrax stain- 
forthi Zone and Globigerinatella insuet a Zone ( s.l), Tocuyo and 
Pozon formations. Occasional specimens have been observed in 
mainly planktonic assemblages from the Globorotalia fohsi “Zone” 
(-$•./.), Pozon formation. 

Genus PLANFLIXA d’Orbigny, 1826 
Plamilina (loliertyi (Galloway and Morrey) 

Cibicidcs dohertyi Galloway and Morrey, 1929, Bull. Amer. Pal., vol. 15, 
No. 55, p. 30, pi. 4, figs. 7a-c. 

Planulina dohertyi (Galloway and Morrey), Renz, 1948, Geol. Soc. Amer., 
Mem. 32, p. 150, pi. X, figs. 6a-b. 

Hypotype :—From sample, No. RM 19255, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626117. 

Occurrence :—Scarce and only observed in isolated samples 
from the Globigerinatella insueta Zone ( s.l .) and Globorotalia fohsi 
“Zone” ( 4 ./.), Tocuyo and Pozon formations. 

Plamilina marialana Hadley 

Planulina marialana Hadley, 1934, Bull. Amer. Pal., vol. 20, No. 70A, p. 27 
pi. 4, figs. 4-7 ( fide Renz, 1948). 

Hypotype: —From sample, No. RM 19210, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626119. 

Occurrence: —Scarce and only observed in samples from the 
Globigerinatella insueta Zone (s.l.), Tocuyo and Pozon formations. 

Plamilina inexicana Cushman 

Plamilina inexicana Cushman. 1927, Cushman Lab. Foram. Res., Contr., vol. 
3, p. 113, pi. 23, figs. 5a-b ( fide Ellis and Messina, 1940 et seq.). 

Hypotype: —From sample. No. RM 19181, auger line near 
Pozon, eastern Falcon; deposited in U.S.N.M. collection, No. 626121. 

Occurrence: —Generally scarce but observed in the Globiger¬ 
inatella insueta Zone (s.l.), Tocuyo and Pozon formations, also in 
the Globorotalia fohsi “Zone" (s.l.), and Globorotalia mayeri Zone 
(s.l.), Pozon formation. 
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l’luimlina subteniiissima (Nuttall) 

Anomal'ina subtenuissima Nuttall, 1928, Geol. Soc. London, Quart. Journ., 
vol. 84, p. 100, pi. 7, figs. 13, 15, text-fig. 6 {fide Renz, 1948). 

Planulina subtenuissima (Nuttall), Renz, 194S, Geol. Soc. Amer., Mem. 32, 
p. 151, pi. XI, figs. 4a-b. 

Hypotype :—From sample, No. RM 19285, auger line near 
Pozon; eastern Falcon; deposited in U.S.N.M. collection, No. 626123. 

Occurrence :—Generally scarce and only observed in the G/o- 
bigerinatella insuet a Zone (j./.), Tocuyo and Pozon formations. 
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APPENDIX I 

NOTE ON THE VALIDITY OF THE NAME "SAN LORENZO 
FORMATION”, DISTRICT OF ACOSTA, 

EASTERN FALCON, VENEZUELA 

In a private letter, dated 12th August, 1957, Dr. H. G. Kugler 
drew the writer's attention to certain facts concerning the validity 
of the term "San Lorenzo formation'' as applied to certain beds 
which lie between the Pozon and Guacharaca formations in the Dis¬ 
trict of Acosta, State of Falcon, Venezuela. Unfortunately, Dr. Kug- 
ler’s most valuable comments only reached the writer after the 
present study had been finalized and all the charts draughted. 

In his letter, Dr. Kugler referred to the following statements 
concerning a valid formational name in southern California, U.S.A., 
i.e., San Lorenzo formation. "Oligocene”: southern California 
(Santa Cruz Mountains region). 

(a) R. Arnold (1906, U.S. Geol. Surv., Prof. Paper 47, p. 16) 
stated, 'San Lorenzo formation. Essentially a series of grayish 
"muddy” shales and fine sandstones, typically exposed along the 
bed of the San Lorenzo River about 2 miles above Boulder Creek, 
Santa Cruz County. Extends W. from type locality in Big Basin, on 
N. side of which it rests conformably against older yellowish sand¬ 
stones of Butano Ridge, possibly Oligocene in age.’ This statement 
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by Arnold was later slightly modified by Atwill as follows: 

(b) E. R. Atwill (1935, Amer. Assoc. Petr. Geol., Bull., vol. 19, 
no 8, p. 1204) stated, “Recent work points to the conclusion type 
San Lorenzo may range from Oligocene (or even Eocene) to 
Miocene/ 1 

(c) R. A. Liddle (1928, The geology of Venezuela and Trinidad, 
p. 397, stated, ‘'Upper Oligocene shales, sandstones and limestones 
included in the Agua Clara, Quiros, El Mene, Curamichate, La 
Planchada and Tocuyo horizons constitute the major producing 
horizon of western and north-western Venezuela 11 . 

Dr. Kugler pointed out that the “Tocuyo horizon 11 of Liddle 
(1928) is obviously synonymous with A. Senn’s (1935) “El Mene 
sand formation 11 . Renz (1948, p. 9) rightly abandoned the term 
“El Mene sand formation 11 because of its inadequate definition as 
well as its preoccupation by such terms as El Mene de Buchivacoa 
and Barinas (see also Hedberg, 1938). However, it appears that a 
mistake was made in introducing the term “San Lorenzo formation 11 
without having first consulted the Stratigraphic Lexicon. 

Dr. Kugler goes on to say in his letter,“In view of these state¬ 
ments by Arnold and Atwill on a valid formation, 1 recommend you 
to drop the term “San Lorenzo formation 11 and introduce the term 
“Tocuyo formation ”. According to the “Lexico estratigrafico de 
Venezuela 11 (1956) the term “Tocuyo 11 has not been used for any 
formation or member. 

Following these comments and the recommendations by Dr. 
Kugler, the writer proposes that the term “Tocuyo formation 11 
should be substituted for the term “San Lorenzo formation”, 
District of Acosta, State of Falcon, Venezuela. 

The writer wishes to express his sincere appreciation for Dr. 
Kugler's comments and for permission to quote from his letter of 
the 12th August, 1957. 
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Explanation of Plate 6 

(For figures 3, 6, 10, 13, 18, 20, 24 see Plate 7.) 

Figure Page 

la-b. Aminodiscus ninhleuiaimi Blow, sp. nov. 109 

Holotype, X50, USNM. No. 625691 from Sample RM 19180; 
fig. la, axial view; fig. lb, side view. 

2 Vlveolophragmiiim veiiczuelaiiuiii Maync . Ill 

Hypotype, X35, USNM, No. 625739 from Sample RM 19136; 
side view. 

4. Alveovalviiliiiella pozoneiisis (Cushman and Renz) __ 110 

Hypotype, X35, USNM, No. 625763 from Sample RM 19175; 
side view. 

5. Gravelliiia uarivaensis Bronnimann . 116 

Hypotype, X35, USNM, No. 625765 from Sample RM 19181; 
side view. 

7. Astavolus ovatns Galloway and Heminway. 119 

Hypotype, X35, USNM, No. 625779 from Sample RM 19285; 
side view. 

8. Lagena asperohles Galloway and Morrey . 121 

Hypotype, X35, USNM, No. 625787 from Sample RM 19180; 
side view. 

9. Lngeiia nuttalli Galloway and Heminway . 122 

Hypotype, X3 5, USNM, No. 625788 from Sample RM 19179; 
side view. 

11. Marginulinopsis hasispinosus (Cushman and Renz) . 124 

Hypotype, X35, USNM, No. 625796 from Sample RM 20025 ; 
side view. 

12. Xodosarla caribbeana (Hedberg) . 125 

Hypotype, X25, USNM, No. 625797 from Sample RM 19285; 
side view. 

14. Kectoglaiidulina gallowayi pancieostata (Cushman and 

Renz) . 130 

Hypotype, X35, USNM, No. 625814 from Sample RM 19285; 
side view. 

15. Kohulus senni Cushman and Renz . 134 

Hypotype, X25, USNM, No. 625829 from Sample RM 19820; 
side view. 

16. Kolmlus wallacei (Hedberg) . 136 

IHypotype, X25, USNM, No. 625836 from Sample RM 19179; 
side view of a late form showing a high degree of uncoiling. 

17. Rohulus wallacei (Hedberg) . 136 

Hypotype, X25, USNM, No. 625835 from Sample RM 19117; 
side view of early form showing no uncoiling. 

19. Yaginiiliiiopsis siiperbus (Cushman and Renz) . 139 

Hypotype, X25, USNM, No. 625850 from Sample RM 19849; 
side view. 

21. Bolivina piscil'orntis Galloway and Morrey . 146 

Hypotype, X50, USNM, No. 625892 from Sample RM 19320; 
side view. 

22. Bolivina pseudobeyriclii Cushman . 147 

Hypotype, X50, USNM, No. 625895 from Sample RM 19400; 
side view. 

23. Biiliinina alligata (Cushman and Laiming) . 149 

Hypotype, X50, USNM, No. 625905 from Sample RM 19285 ; 
side view. 

25. Siphogeiierina transversa Cushman . 153 

Hypotype, X25, USNM, No. 625929 from Sample RM 19117; 
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Explanation of Plate 7 

(For figures 1, 2, 4, 5, 7-9, 11, 12, 14-17, 19, 21-23 see Plate 6; 26, 28, 29, 
31, 32, 35 see Plate 8.) 


Figure Page 

3. Textulariii paimmensis Cushman . 113 


Hypotype, X50, USNM, No. 625750 from Sample RM 20131: 
side view. 


6. Troeliaiiiniiiiii cf. pacifica Cushman . 119 

Hypotype XSO, USNM, No. 625777 from Sample RM 19849; 
spiral view. 


10. Lagenonodosaria aeostaensis Blow, sp. nov... 122 

Ho lo type, X70, USNM, No. 625693 from Sample RM 19444; 
side view. 

13. Pseudonodosaria incisa (Neugeboren) . 129 

Hypotype, X70, USNM, No. 625813 from Sample RM 19117; 
side view. 


18 . 


Vaginuliiia subiitmis (Nuttall) 

Hypotype, X50, USNM, No. 625849 from Sample RM 19117; 
side view. 


138 


20 . 


Klphidimn poeynnum (d’Orbigny) 

Hypotype, X100, USNM, No. 625858 from Sample RM 20131; 
side view. 


140 


24. 


Keussella spinulosa (Reuss) 

Hypotype, X100, USNM, No. 625919 fro’m 'sainple RM' iom J 
side view. 


152 


27a-c. Gyroidinoides altifonnis (R. E. and K. C. Stewart) . 160 

Hypotype, X70, USNM, No. 625962 from Sample RM 19285; 
fig. 27a, spiral view; fig. 27b, umbilical view; fig 27c 
side view. 

30a-c. ( assigerinella chipolensis (Cushman and Ponton) ... 169 

Hypotype, X140, USNM, No. 626007 from Sample RM 19304; 
figs. 30a and 30b, opposite sides of hypotype; fig. 30c 
apertural view. 

33a-c. Glohigerliia angnstiiunbilicata (Bolli) . 172 

Hypotype, Xl40, USNM, No. 626013 from Sample RM 19507; 
fig. 33a, umbilical view; fig. 33b, spiral view; fig. 33c 
side view. 


34. Glohigerina angnstiiimhilieata (Bolli) 

Hypotype, X140, USNM, No. 626014 from' S^nVple‘ r'm”'i'9507 ; 
umbilical view showing a distinct apertural lip. 

36. Glohigerina hradyi Wiesner 

Hypotype, X100, USNM, No. 626017 from Sample RM 19285 ■ 
side view. 
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Explanation of Plate S 

(For figures 27, 30, 33, 34, 36 see Plate 7; 37-41, 48 see Plate 9; 

42, 43, 46 see Plate 10.) 

Figure Page 

26. Uvigerina eubana Palmer and Bermudez .. 155 

Hypotype, X25, USNM, No. 625938 from Sample RM 19285; 
side view. 

2Sa-c. Gvroidinoides cf. zelandica (Finlay) .. 162 

* Hypotype, X35, USNM, No. 625970 from Sample RM 19283 ; 
fig. 28a, spiral view; fig. 28b, umbilical view; fig. 28c, 
side view. 

29a-b. Yalvnlinerin herricki (Hadley) . 164 

Hypotype, X25, USNM, No. 625980 from Sample RM 19405; 
fig. 29a, spiral view; fig. 29b, umbilical view. 

31a-b. Hnstigerina aeqnilateralis a equilateral is (Brady) . 171 

Hypotype, X50, USNM, No. 626009 from Sample RM 20065; 
fig. 31a, umbilical view; fig. 31b, side view. 

32a-b. Hastigerina aeqnilateralis iuvoluta (Cushman) . 171 

Hypotype, X50, USNM, No. 626011 from Sample RM 20053; 
fig. 32a, umbilical view; fig. 32b, side view, 

35a-b. Globigerina apertnra Cushman . 172 

Hypotype, X50, USNM, No. 626015 from Sample RM 19791; 
fig. 35a, umbilical view; fig. 35b, spiral view. 

44. Globigerina nepenthes Todd . 178 

Hypotype, X50, USNM, No. 626025 from Sample RM 20026; 
umbilical view. 

45. Globigerina nepenthes Todd . 178 

Hypotype, X50, USNM, No. 626027 from Sample RM 20065; 
umbilical view of a late form showing Sphacroiditiflla-Wkt 
tendencies. 

47a-c. Globigerina praebulloides Blow, sp. nov . ISO 

Holotype, X70, USNM, No. 625701 from Sample RM 19285 ; 
fig. 47a, umbilical view; fig. 47b, spiral view; fig. 47c, 
side view. 

49a-c. Globoquadrina dehiseens dehiseens (Chapman, Parr, and 

Collins) . 182 

Hypotype, X50, USNM, No. 626028 from Sample RM 19285; 
fig. 49a, umbilical view; fig. 49b, spiral view; fig. 49c, 
side view. 

50a-b. Globoquadrina dehiseens advena Bermudez . 182 

Hypotype, X50, USNM, No. 626030 from Sample RM 19285; 
fig. 50a, umbilical view; fig. 50b, spiral view. 

51a-c. Globoquadrina altispira altispira (Cushman and Jarvis) .... 183 

Hypotype, X50, USNM, No. 626032 from Sample RM 19285; 
fig. 51a, umbilical view; fig. 51b, spiral view; fig. 51c, 
side view. 
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Explanation of Plate 9 

(For figures 42, 43, 46 see Plate 10; figures 44, 45, 47 see Plate 8) 


Figure Page 

37a.-c. Globigerina bulbosa LeRoy . 174 

Hypotype, X100, USNM, No. 625719 from Sample KM 19480; 
fig. 37a, umbilical view; fig. 37b, spiral view; fig. 37c, 

side view. 

38a.-c. Globigerina biilloides d’Orbigny . 175 

Hypotype, X100, USNM, No. 626019 from Sample RM 19791 ; 
fig. 38a, umbilical view; fig. 38b, spiral view, fig. 38c, 

side view. 

39a-c. Globigerina eninesi Blow, sp. nov. 176 

Holotype, X100, USNM, No. 625695 from Sample RM 19778 ; 
fig. 39a, umbilical view; fig. 39b, spiral view; fig. 39c, 

side view. 

40a-c. Globigerina falconensis Blow, sp. nov. 177 

Holotype, X100, USNM, No. 625697 from Sample RM 19285; 
fig. 40a, umbilical view showing well-developed apertural 

lip; fig. 40b, spiral view; fig. 40c, side view. 

41. Globigerina falconensis Blow, sp. nov. 177 

Paratyp-e, X100, USNM, No. 625698 from Sample RM 19285; 
umbilical view. 

48. Globigerina praebulloides Blow, sp. nov. 180 

Paratype, X140, USNM, No. 625702 from Sample RM 19285; 
umbilical view. 
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Explanation of Plate 10 

(For figures 41, 4S see Plate 9; figures 44, 45, 47, 49-51 see Plate 8; 
figures 52, 53, 57-60, 62-64 see Plate 11.) 

Figure Page 

42a-c. Ulobigerhia folia to Bolli . 177 

Hypotype, X100, USNM, No. 626021 from Sample Rx\l 19697; 
fig. 42a, umbilical view; fig. 42b, spiral view; fig. 42c, 
side view. 

43a-b. (ilohigerina juvenilis Bolli . 178 

Hvpotype, X140, USNM, No. 62603 from Sample RM 19507; 
fig. 43a, umbilical view; fig. 43b, spiral view. 

46a-c. (iloliigerina parabulloides Blow, sp. nov. 179 

Holotvpe, X100, USNM, No. 625699 from Sample RM 19791 ; 
fig. 46a, umbilical view showing aperture restricted in lateral 
extent; 46b, spiral view; fig. 46c, side view showing the 
thickened apertural margin. 

54a-c. Ulobnqiindrina puzonensis Blow, sp. nov. .. 184 

Holotvpe, XI00, USNM, No. 625703 from Sample RM 20065; 
fig. 54a, umbilical view showing distinct umbilical tooth; 
fig. 54b, spiral view showing the appressed chambers; fig. 

54c, side view showing the comparatively high spire. 

55,56. Ulohoquadrina pozonensis Blow, sp. nov. 184 

Two paratvpes, X100, USNM, No. 625704 from Sample RM 
20065; fig. 55, umbilical view of a specimen showing a dis¬ 
tinctly interiomarginal, umbilical-extraumbilical aperture; 
fig. 56, umbilical view of another specimen showing distinct 
umbilical tooth, appressed and slightly laterally compressed 
chambers. 


61a-b. (Jlobigerinoidrs lrilolvn altiapertura Bolli .. 187 

Ilvpotype, X100, USNM, No. 626127 from Sample RM 19152; 
fig. 61a, umbilical view; fig. 61b, spiral view. 

65a-c. Uloliigerinoidos bollii Blow, sp. nov. . 1S9 


Holotype, X100, USNM, No. 625717 from Sample RM 19697; 
fig. 65a, umbilical view showing the almost circular primary 
aperture and the small umbilicus; fig. 65b, spiral view show¬ 
ing two small supplementary apertures; fig. 65c, side view 
illustrating the embracing character of the chambers. 
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Explanation of Plate 11 

(For figures 54-56, 61, 65 see Plate 10; figures 66, 67, 69 see Plate 13.) 


Figure Page 

52a-c. Globoquadriua altipsira globosa Bolli . 183 

Hypotvpe, X50, USNM, No. 626034 from Sample RM 19542; 
fig. 52a, umbilical view; fig. 52b, spiral view; fig. 52c, 
side view. 

53a-c. Globoquadriua lamieui Akers . 183 

Hypotype, X50, USNM, No. 625721 from Sample RM 19285; 
fig. 53a, umbilical view; fig. 53b, spiral view; fig. 53c, 
side view. 

57a-c. Globoquadriua roliri (Bolli) . 185 


Hypotype, X50, USNM, No. 626036 from Sample RM 19177; 
fig. 57a, umbilical view showing a distinct umbilical tooth 
and the wider than usual umbilicus, also the short thick 
spines around the umbilical margin; fig. 57b, spiral view; 
fig. 57c, side view. 


58a-c. Globoquadriua veneznelana (Hedberg) . 186 

Hypotype, X50, USNM, No. 626038 from Sample RM 19188; 
fig. 58a, umbilical view; fig. 58b, spiral view; fig. 58c, 
side view. 

59. Globoquadriua venezuelana (Hedberg) . 186 

Hypotype, X50, USNM, No. 626040 from Sample RM 19542; 
umbilical view. 

60a-b. Globigerinoides triloba triloba (Reuss) . 187 

Hypotype, X50, USNM, No. 626125 from Sample RM 19285; 
fig. 60a, umbilical view, note the embracing final chamber 
and elongate primary aperture; fig. 60b, spiral view. 

62a-b. Globigerinoides triloba iminatura LeRoy . 188 

Hypotype, X50, USNM, No. 626129 from Sample RM 19285; 
fig. 62a, umbilical view; 62b, spiral view. 

63a-b. Globigerinoides triloba saeeiilifera (Brady) ... 188 

Hypotype, X50, USNM, No. 626131 from Sample RM 19697 ; 
fig. 63a, umbilical view showing fairly arched primary aper¬ 
ture and saclike final chamber; fig. 63b, spiral view. 

64. Globigerinoides bisplieriea Todd . 189 

Hypotype, X50, USNM, No. 626133 from Sample RM 19285 ; 
umbilical view showing the elongate slitlike character of 
the primary aperture. 

6Sa-b. Globigerinoides obliqua Bolli . 191 


Hypotype, X50, USNM, No. 626041 from Sample RxM 194444; 
fig. 68a, umbilical view showing the elongate although arched 
primary aperture and the lateral compression of the last 
chamber; fig. 68b, spiral view. 

70. Globigerinoides rubra (d’Orbigny) . 192 

Hypotype, X50, USNM, No. 626045 from Sample RM 20131; 
umbilical view of a form showing a rather unusually elon¬ 
gated primary aperture. 
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Explanation of Plate 12 

(For figures 80-S4 see Plate 13; figures 85-87 see Plate 14.. 

Figure Page 

71a-e Sphaeroidiiiella dehiseens suhdehiseens Blow, subsp. nov . 195 

Holotype, X50, USNM, No. 625705 from Sample R\1 19514; 
fig. 71a, umbilical view showing the elongate primary aper¬ 
ture; fig. 71b, spiral view; fig. 71c, side view, note the 
thickening of the outer cortex around the apertural margins. 

72. Section of Sphaeroidiiiella dehiseens suhdehiseens Blow, 

subsp. nov.----- 195 

Paratvpe, X140, (deposited in the author’s collection), section 
shows the three layers of the thick test wall. 

73. Transitional form from Sphaeroidiiiella seinimilina semi- 

nitlinu (Schwager) to Sphaeroidiiiella dehiseens subdehi- 


seens Blow, subsp. nov. 196 

X50, USNM, No. 625731 from Sample RM 19475; umbilical 
view. 

74,75. Sphaeroidiiiella seminiilina semliiulina (Schwager) . 197 


Two hypotypes, X50, USNM, No. 625733 from Sample RM 
19188; fig. 74, umbilical view; fig. 75, umbilical view; both 
specimens are early forms, note the restricted aperture lim¬ 
ited largely to the umbilical area and open umbilicus. 


76. Sphaeroidiiiella seiniiiiiliiia seiniiiiiliiia (Schwager) . 197 

Hypotype, X50, USNM, No. 625732 from Sample RM 19367; 
umbilical view. 

77a-c. Sphaeroidiiiella seiniiiiiliiia seiniiiiiliiia (Schwager) . 197 

Hypotype, X50, USNM, No. 625727 from Sample RM 19820; 
fig. 77a, umbilical view; fig. 77b, spiral view; fig. 77c, 
side view. 

7S. Sphaeroidiiiella seininulina koehi (Caudri) . 198 

Hypotype, X50, USNM, No. 626046 from Sample RM 19507; 
umbilical view. 

79. Sphaeroidiiiella seininulina koehi (Caudri) . 198 

Hypotype, X35, USNM, No. 625729 from Sample RM 19507; 
umbilical view. 

S8a-c. (atapsydrax dissiniilis (Cushman and Bermudez) . 203 

Hypotype, X50, USNM, No. 626054 from Sample RM 19177; 
fig. 88a, umbilical view; fig. 88b, spiral view; fig. 88c, 
side view. 

89. Catapsydrax dissiniilis (Cushman and Bermudez) . 203 

Hypotype, X50, USNM, No. 626055 from Sample RM 19117; 
umbilical view of a specimen showing a small bulla. 

90. ( atapsydrax dissiniilis (Cushman and Bermudez) . 203 


Hypotype, X50, USNM, No. 626055 from Sample RM 19117; 
umbilical view of a specimen showing a large bulla. 
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Explanation of Plate 13 

(For figures 68, 70 see Plate 11; figures 71-79 see Plate 12.) 

Figure Page 

66a-b. Globigerinoides diminuta Bolli . 191 

Hypotype, X100, USNM, No. 626135 from Sample RM 19285; 
fig. 66a, umbilical view; fig. 66b, spiral view; both views 
showing the quadrate test outline and the embracing nature 
of the chambers. 

67. Globigerinoides mitra Todd . 191 

Hypotype, X50, USNM, No. 626137 from Sample RM 19507; 
side view. 

69a-b. Globigerinoides rubra (d’Orbigny) . 192 

Hypotype, X100, USNM, No. 626043 from Sample RM 19285; 
fig. 69a, umbilical view, note the position of the primary 
aperture with respect to the suture between the penultimate 
and antepenultimate chambers; fig. 69b, spiral view. 

SO. Biorbulina bilobata (d’Orbigny) ..... 199 

From Sample RM 19280; X60, spiral view of a primitive form. 

81. Biorbulina bilobata (d’Orbigny) . 199 

From Sample RM 19304; ? spiral view of a later form which 
does not show any external trace of the antepenultimate and 
earlier chambers; X40. 

S2a-b. Orbulina snturalis Bronnimann . 200 

From Sample RM 19293 ; fig. 82a, side view; fig. 82b, spiral 
view; X60. 

S3. Orbulina miiversa d’Orbigny . 200 

From Sample RM 19293 ; ? spiral view; X60. 

S4a-b. Portieulaspliaera glonierosa curva (Blow) . 201 

Reproduction of holotype, X60, Cushman Coll. No. 64587 from 
Sample RM 19285 ; fig. 84a, side view; fig. 84b, spiral view. 
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Explanation of Plate 14 
(For figures SS-90 see Plate 12.) 


Figure Page 

S5a-b. Portieulasphaora glonierosa glomerosa (Blow) .. 202 

Reproduction of holotype, X60, Cushman Coll., No. 64585 from 
Sample RM 19285; fig. 85a, side view; fig. 85b, spiral view. 

S6a-b. I’ortirnlasphaeru glomerosa oireularis (Blow) . 202 

Reproduction of holotype, X60, Cushman Coll., No. 64589 from 
Sample RM 19285; fig. 86a, side view; fig. 86b, spiral view. 

S7a-b. Portienlasphaern transitoria (Blow) . 202 

Reproduction of holotype, X60, Cushman Coll., No. 64591 from 
Sample R\1 19280; fig. 87a, side view; fig. 87b, spiral view. 

91a-c. Catapsydrax stainforthi Bolli, Loeblich, and Tappan .204 

Hypotype, X100, USNM, No. 626056 from Sample RM 19152; 
fig. 91a, umbilical view; fig. 91b, spiral view; fig. 91c, 
side view. 

92. Catapsydrax stainforthi Bolli, Loeblich. and Tappan . 204 

Hypotype, N100, USNM, No. 626057 from Sample RM 19152; 
umbilical view. 

93. Catapsydrax stainforthi Bolli. Loeblich, and Tappan . 204 

Hypotype, X100, USNM, No. 626057 from Sample RM 19152; 
umbilical view of a specimen showing five infralaminal 
apertures. 
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Explanation of Plate 15 

E^igure Page 

94a*c. Catapsydrax unieattis Bolli, Loeblich, and Tappan . .204 

Hvpotype, X100, USNM, No. 626058 from Sample RM 19117; 
fig. 94a, umbilical view; fig. 94b, spiral view, fig. 94c, 
side view. 


95. Globigeriiiatella insueta Cushman and Stainforth . 205 

Hypotype, X100, USNM, No. 626061 from Sample RM 19117; 
side view of a primitive form only showing a single pri¬ 
mary bulla. 

96. Globigerfnatella insueta Cushman and Stainforth .. 205 

Hypotype, X100, USNM, No. 626060 from Sample RM 1918S; 


umbilical view of a specimen with the last chamber partly 
removed and showing the supplementary sutural and areal 
apertures of the earlier ontogenetic stages. 

97. Globigerinatella insueta Cushman and Stainforth . 205 

Hypotype, X100, USNM, No. 626060 from Sample RM 19188; 
side view of a specimen showing uncovered areal apertures 
in the primary bulla and secondary bulla covering the in- 
fralaminal apertures along the contact suture between the 
primary bulla and th-e true primary chambers. 


98. Globigerinatella insueta Cushman and Stainforth . 205 

Hypotype, X100, USNM, No. 626059 from Sample RM 19188; 
side view showing primary and secondary bullae. 

99a-c. Globigerinita naparimaensis naparimaensis Bronnimann .... 206 

Hypotype, X140, USNM, No. 626062 from Sample RM 19304; 
fig. 99a, umbilical view; fig, 9°b, spiral view; fig. 99c, 
side view. 

100. Globigerinita naparimaensis inernsta (Akers) . 206 

Hypotype, X140, USNM, No. 625723 from Sample RM 19285; 


umbilical view showing absence of infralaminal apertures 
except those in line with the sutures between the primary 
chambers. 


101. Globigerinita naparimaensis inerusta (Akers) . 206 

Hypotype, X140, USNM, No. 625724 from Sample RM 19285; 
umbilical view of a specimen showing a small bulla. 

102a-c. Globigerinoita niorugaensis Bronnimann . 207 


Hypotype, X140, USNM, No. 626064 from Sample RM 19697; 
fig. 102a, umbilical view showing large umbilical bulla; fig. 
102b, spiral view; fig. 102c, side view showing the presence 
of the two bullae, i.c., spiral and umbilical. 
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Explanation of Plate 16 

(For figures 106-112, 115 see Plate 17; figures 116-120 see Plate 18; 
figures 121-126, 12S see Plate 19.) 

Figure Page 

103a-c. Globorotaloides variabilis Bolli . 20S 

Hvpotype, X50, USNM, No. 626066 from Sample RM 19697; 
fig. 103a, umbilical view showing the bulla-like final cham¬ 
ber; fig. 103b, spiral view; fig. 103c, side view. 

104,105. Globorotaloidos variabilis Bolli . 208 

Two hypotypes, X50, USNM, No. 626067, both specimens 
from Sample R\1 19697; fig. 104, umbilical view showing 
intermediate Globigrrina-stage ; fig. 105, umbilical view of 
a different specimen showing early Globorotalia- stage. 

Note: both specimens dissected from a form similar to 
that illustrated in figs. 103a-c. 


113a-c. Globorotalia folisi lobata Bermudez . 213 

Hvpotype, X50, USNM, No. 626074 from Sample RM 19426; 
fig. 113a, spiral view; fig. 113b, umbilical view; fig. 113c, 
side view. 

114a-c. Globorotalia folisi robusta Bolli . 213 

Hvpotype, X50, USNM, No. 626076 from Sample RM 19470; 
fig. 114a, spiral view; fig. 114b, umbilical view; fig. 114c, 
side view. 

127a-c. Globorotalia seitula gigantea Blow, subsp. nov. . 220 

Holotype, X50, USNM, No. 625715 from Sample RM 19480; 
fig. 127a, spiral view; fig. 127b, umbilical view showing 
pustules; fig. 127c, side view. 

129a-b. HastigoriiioUa bormudezi Bolli . 222 

Hypotvpe, X50, USNM, No. 626095 from Sample RM 19290; 
fig. 129a, umbilical view; fig. 129b, spiral view. 

130. lfastigorinella horuiudezi Bolli . 222 

X50, USNM, No. 626096 from Sample RM 19290; umbilical 


view of an immature form showing the lipped interiomar- 
ginal, umbilical-extraumbilical aperture. 
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Explanation of Plate 17 
(For figures 113, 114 see Plate 16.) 


Figure Page 

106a-c. Globorotalia aeostaensis Blow, sp. nov. . 208 


Holotype, X100, USNM, No. 625707 from Sample RM 19791; 
fig. 106a, umbilical view showing the distinctive apertural 
lip; fig. 106b, spiral view showing the inflated nature of 
the chambers; fig. 106c, side view showing the final cham¬ 
ber reduced in size as compared with the penultimate 
chamber, also the parallel-sided nature of the test. 


107. Globorotalia aeostaensis Blow, sp. nov. 208 

Paratype, X100, USNM, No. 625708 from Sample RM 19791; 
umbilical view of a specimen showing the last chamber 
displaced towards the umbilical side. 

108a-c. Globorotalia birnageae Blow, sp. nov. 210 


Holotype, X140, USNM, No. 625709 from Sample RM 19285 ; 
fig. 108a, spiral view; fig. 108b, umbilical view showing 
the closed umbilicus and distinctive apertural lip; fig. 108c, 
side view. 


109a-c. Globorotalia of. canariensis (d’Orbigny) . 211 

Hypotype, X100, USNM, No. 626068 from Sample RM 19804; 
fig. 109a, spiral view; fig. 109b, umbilical view; fig. 109c, 
side view. 

110. Globorotalia folisi barisanensis (LeRoy) . 212 

Hypotype, X100, USNM, No. 626071 from Sample RM 19188; 
spiral view. 

llla-c. Globorotalia fohsi barisanensis (LeRoy) . 212 

Hypotype, X100, USNM, No. 626069 from Sample RM 19304; 
fig. 111a, spiral view; fig. 111b, umbilical view; fig. 111c, 
side view. 

112a-c. Globorotalia fohsi fohsi Cushman and Ellisor . 212 

Hypotype, X100, USNM, No. 626072 from Sample RM 19367; 
fig. 112a, spiral view; fig. 112b, umbilical view; fig. 112c, 
side view. 

115a-c. Globorotalia lengtiaensis Bolli . 213 

Hypotype, X100, USNM, No. 626078 from Sample RM 19507; 


fig. 115a, spiral view; fig. 115b, umbilical view; fig. 115c, 
side view. 
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Figure Page 

116a-c. Globorotalia mayeri Cushman and Ellisor . 214 

Hypotype, X100* USNM, No. 626080 from Sample RM 19188; 
fig. 116a, spiral view; fig. 116b, umbilical view; fig. 116c, 
side view. 

117a-c. Globorotalia menardii arc lien menardii (Bolli) . 214 

Hypotype, X100, USNM, No. 626082 from Sample RM 19280; 

117a, spiral view; fig. 117b, umbilical view; fig. 117c, 
side view. 

118a-c. Globorotalia menardii praemenardii (Cushman and Stain- 

forth) . 215 

Hypotype, X100, USNM, No. 626084 from Sample RM 19367; 
fig. 118a, spiral view; fig. 118b, umbilical view; fig. 118c, 
side view. 

119a-c. Globorotalia menardii menardii (d’Orbigny) . 215 

Hypotype, X100, USNM, No. 626087 from Sample RM 19470; 
fig. 119a, spiral view; fig. 119b, umbilical view; fig. 119c, 
side view. 

120a-c. Globorotalia menardii menardii (d’Orbigny) . 215 


Hypotype, X100, USNM, No. 626086 from Sample RM 19507 ; 
fig. 120a, spiral view; fig. 120b, umbilical view; fig. 120c, 
side view. 
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Figu re 
121a-c. 


122a-c. 


123a-c. 


124a-c. 


125a-c. 


126a-c. 


128a-c. 


Explanation of Plate 19 
(For figures 127, 129, 130 see Plate 16.) 


Globorotalia liienarriii mioceiiiea Palmer 

Hypotype, X100, USNM, No. 626088 from Sample RM 19791 ; 
fig. 121a, spiral view; fig. 121h, umbilical view; fig. 121c, 
side view. 
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Globorotalia minima (Akers) 

Hypotype, X100, USNM, No. 625725 fro'in Sample RM 19285; 
fig. 122a, spiral view; fig. 122b, umbilical view; fig. 122c! 
side view. 

Globorotalia niinutissuna Bolli 

Hypotype, X100, USNM, No. 626089 froni Sample R M 19 304; 
fig. 123a, spiral view; fig. 123b, umbilical view; fig. 123c 
side view. 

Globorotalia obesa Bolli 

Hypotype, X100, USNM, No. 626091 from Sample RM 19480; 
ng. 124a, spiral view; fig. 124b, umbilical view; fig. 124c 
side view. 

Globorotalia opima coiitiiiuosa Blow, subsp. nov. 

Holotype, X100, USNM, No. 625711 from Sample RM 19542; 
hg. 1^5a, spiral view; fig. 125b, umbilical view; fig. 125c 
side view. 


Globorotalia seitula seifula (Brady) 

Hypotype, X100, USNM, No. 626093 from Sampl-e RM 19367 ; 
fig. 126a, spiral view; fig. 126b, umbilical view; fig. 126c 
side view. 

GloborotaHa seitula praescitula Blow, subsp. nov. 

Holotype, X100, USNM, No. 625713 from Sample RM 19152* 
g. 128a, spiral view; fig. 128b, umbilical view; fig. 128c 
side view. 
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